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ABSTRACT 
 
 
 The aim of this study was to evaluate the effects of 
nutritional stress, exposure to solar radiation and chromium 
supplementation on thermoregulation and blood constituents in desert 
sheep. In experiment 1, the physiological responses of ewes to food and 
water deprivation for three days and realimentation for three days were 
evaluated under summer conditions. Water and food deprivation and 
water deprivation resulted, respectively, in 15.92 % and 11.34 % loss in 
mean body weight (BW) compared with control. Upon rehydration, 
sheep were able to regain their BW losses within two days. The food 
intake decreased progressively following water deprivation and returned 
to the control level within the days of rehydration. There was a gradual 
increase in rectal temperature (Tr) during dehydration which returned to 
the normal level after drinking. Food and water deprivation reduced 
respiratory rate (RR). The marked increase in packed cell volume (PCV), 
haemoglobin concentration (Hb) and total leukocytes count (TLC) 
associated with dehydration returned to the normal level after 
rehydration. Plasma glucose level increased progressively and 
significantly during water and food deprivation and it returned to the 
control level following rehydration. Serum Na level, osmolality, cortisol 
level and creatinine level increased significantly during food and water 
deprivation and returned to the control level after rehdration.  
 In experiment 2, the effects of exposure of desert rams to solar 
radiation and chromium chloride (CrCl3.6H2O) supplementation on 
thermoregulation and blood constituents were evaluated in rams. 
Exposure to solar radiation did not influence the mean BW of rams 
significantly. The values of Tr and RR were significantly higher in rams 
exposed to radiation in the afternoon. Solar heat load was associated with 
decrease in PCV and Hb concentration and TLC. The treatment increased 
plasma glucose level and increased serum cholesterol level and decreased 
serum levels of total protein and albumin. A decrease in serum 
osmolality and serum insulin level occurred during exposure to solar 
radiation. Chromium supplementation decreased plasma glucose level 
and serum albumin level and increased serum total protein level. 
Chromium decreased serum total lipids and cholesterol levels and 
increased serum insulin level.   
Food and water deprivation induced significant changes in the 
physiological responses of desert ewes. The results also indicate that 
desert rams can acclimatize on exposure to direct solar radiation.  Cr 
supplementation may have beneficial effects in stressed sheep. The 
results were discussed and interpreted in the light of findings reported in 
literature. The implications in environmental physiology as well as sheep 
welfare have been discussed.. 
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  ﺧﻼﺻﺔ اﻷﻃﺮوﺣﺔ
  
 lanoitirtun) ﻟﻐѧﺬاﺋﻲﺟﻬѧﺎد ااﻹ ﺗѧﺄﺛﻴﺮات ﺑﻌѧﺾ ﻋﻮاﻣѧﻞ ﻴﻢﻴѧﺗﻘﻟѧﻲ إ اﻟﺪراﺳѧﺔهѧﺬﻩ  هѧﺪﻓﺖ
  )muimorhc(اﻟﻜﺮوم و اﺿﺎﻓﺔ ﻣﻌﺪن ا noitaida ralos() اﻟﺸﻤﺲ ﺷﻌﺔﻌﺮض ﻷو اﻟﺘ sserts(
 ﻣﻜﻮﻧѧѧѧﺎت اﻟѧѧѧﺪم و )noitalugeromromreht( ﻋﻠѧѧﻲ ﺗﻨﻈѧѧѧﻴﻢ درﺟѧѧѧﺔ ﺣѧѧѧﺮارة اﻟﺠﺴѧѧѧﻢ اﻟѧѧѧﻲ اﻟﻐѧѧѧﺬاء 
اﻻﺳѧﺘﺠﺎﺑﺔ اﻟﻔﺴѧﻴﻮﻟﻮﺟﻴﺔ  , اﻟﺘﺠﺮﺑѧﺔ اﻻوﻟѧﻲ ﻓѧﻲ . يﻟﻀﺄن اﻟﺼﺤﺮاوا ﻓﻲ )stneutitsnoc doolb(
 )noitatnemilaer(  ﻟﻠﺤﺮﻣѧﺎن ﻣѧﻦ اﻟﻌﻠѧﻒ و اﻟﻤѧﺎء ﻟﻤѧﺪة ﺛﻼﺛѧﺔ اﻳѧﺎم و اﻋﺎدﺗﻬﻤѧﺎ sewe() ﻟﻠﻨﻌѧﺎج 
اﻟﻌﻠѧﻒ ﻣًﻌѧﺎ و اﻟﺤﺮﻣѧﺎن ﻣѧﻦ  ﻟﺤﺮﻣѧﺎن ﻣѧﻦ اﻟﻤѧﺎء و ا . اﻟﺼѧﻴﻒ ﻴﻤﻬѧﺎ ﻓѧﻲ ﻓﺼѧﻞ ﻴﻟﻤﺪة ﺛﻼﺛﺔ اﻳﺎم ﺗѧﻢ ﺗﻘ 
ﻋﻨѧﺪ اﻋѧﺎدة اﻟﺘﻐﺬﻳѧﺔ  ،ﻋﻠﻲ اﻟﺘﻮاﻟﻲ % 43.11و  %29.21 ان وزن اﻟﺠﺴﻢ ﺑﻤﻌﺪلﺪاﻟﻤﺎء أدﻳﺎ اﻟﻲ ﻓﻘ
ﻣﻌѧﺪل اﺳѧﺘﻬﻼك اﻟﻌﻠѧﻒ اﻧﺨﻔѧﺾ ﺗѧﺪرﻳﺠﻴًﺎ ﺑﻌѧﺪ اﻟﺤﺮﻣѧﺎن ﻣѧﻦ .   ﺧѧﻼل ﻳѧﻮﻣﻴﻦ ﺗﻤѧﺖ اﺳѧﺘﻌﺎدة اﻟѧﻮزن
ﺣѧﺪث ارﺗﻔѧﺎع ﺗѧﺪرﻳﺠﻲ ﻓѧﻲ  . ﻼل ﻳѧﻮﻣﻴﻦ ﻣѧﻦ اﻋѧﺎدة اﻟﺘﻐﺬﻳѧﺔ ﺗﻤﺖ اﺳﺘﻌﺎدة اﻟﻮزن اﻟﻄﺒﻴﻌﻲ ﺧѧ  ،ﻤﺎءاﻟ
و ﻗﺪ اﻧﺨﻔﻀﺖ درﺟﺔ اﻟﺤﺮارة اﻟﻲ اﻟﻤﻌﺪل  ، اﻟﺤﺮﻣﺎن ﻣﻦ اﻟﻤﺎء و اﻟﻌﻠﻒأﺛﻨﺎء درﺟﺔ ﺣﺮارة اﻟﺠﺴﻢ 
اﻟﺰﻳѧﺎدة .  ﻒ و اﻟﻤѧﺎء أدﻳѧﺎ اﻟѧﻲ ﺧﻔѧﺾ ﻣﻌѧﺪل اﻟﺘѧﻨﻔﺲ اﻟﺤﺮﻣѧﺎن ﻣѧﻦ اﻟﻌﻠѧ . اﻟﻄﺒﻴﻌѧﻲ ﺑﻌѧﺪ اﻋѧﺎدة اﻟﻐѧﺬاء 
 )CLT(و ﻋﺪد آﺮﻳﺎت اﻟﺪم اﻟﺒﻴﻀﺎء  )bH(ﺗﺮآﻴﺰ اﻟﻬﻴﻤﻮﻗﻠﻮﺑﻴﻦ ،VCP()اﻟﻜﺒﻴﺮة ﻓﻲ ﻣﻜﺪاس اﻟﺪم 
ﺗﺮآﻴѧѧﺰ ﻗﻠﻮآѧѧﻮز .  ﻟﻠﻤﻌѧѧﺪﻻت اﻟﻄﺒﻴﻌﻴѧѧﺔ ﺑﻌѧѧﺪ  اﻋѧѧﺎدة اﻟﻤѧѧﺎء و اﻟﻌﻠѧѧﻒ  اﻟﻤﺮﺗﺒﻄѧѧﺔ ﺑﺎﻟﺠﻔѧѧﺎف اﻧﺨﻔﻀѧѧﺖ  
و اﻧﺨﻔѧﺾ  ، ﻓﻲ ﺑﻼزﻣﺎ اﻟﺪم ارﺗﻔﻊ ﺑﺼﻮرة ﻣﻌﻨﻮﻳﺔ أﺛﻨﺎء اﻟﺤﺮﻣﺎن ﻣﻦ اﻟﻤѧﺎء و اﻟﻌﻠѧﻒ  esoculg()
و  )ytilalomso(اﻷﺳѧﻤﻮزﻳﺔ  ، ﻓѧﻲ اﻟﻤﺼѧﻞ (  aN)ﺗﺮآﻴѧﺰ .  ﺘﻐﺬﻳѧﺔ ﻟﻠﻤﻌﺪل اﻟﻄﺒﻴﻌѧﻲ ﺑﻌѧﺪ اﻋѧﺎدة اﻟ 
ﻣﺪة اﻟﺤﺮﻣﺎن ﻣﻦ  إرﺗﻔﻌﺖ ﻣﻌﻨﻮًﻳﺎ ﺧﻼل )eninitaerc(آﺮﻳﺎﺗﻨﻴﻦو  )lositroc( آﻮرﺗﻴﺰول آﻴﺰاﺗﺮ
  . اﻟﻌﻠﻒ و اﻟﻤﺎء و إﻧﺨﻔﻀﺖ اﻟﻲ اﻟﻤﻌﺪﻻت اﻟﻄﺒﻴﻌﻴﺔ ﺑﻌﺪ اﻟﻐﺬاء
و  noitaidar ralos( ) ﺲﺮ اﻟﺘﻌѧﺮض ﻷﺷѧﻌﺔ اﻟﺸﻤﺴѧ ﺛﻴﺎﺗѧ  ﻓѧﻲ اﻟﺘﺠﺮﺑѧﺔ اﻟﺜﺎﻧﻴѧﺔ ﺗѧﻢ ﺗﻘﻴѧﻴﻢ 
ﻟﻠﻐѧѧﺬاء ﻋﻠѧѧﻲ ﺗﻨﻈѧѧﻴﻢ درﺟѧѧﺔ ﺣѧѧﺮارة اﻟﺠﺴѧѧﻢ و ﻣﻜﻮﻧѧѧﺎت اﻟѧѧﺪم ﻓѧѧﻲ اﻟﻜﺒѧѧﺎش  اﻟﻜѧѧﺮوم إﺿѧѧﺎﻓﺔ ﻣﻌѧѧﺪن 
ﻗﻴﻢ درﺟѧﺔ ﺣѧﺮارة اﻟﺠﺴѧﻢ .  اﻟﺘﻌﺮض ﻷﺷﻌﺔ اﻟﺸﻤﺲ ﻟﻢ ﻳﺆﺛﺮ ﻣﻌﻨﻮﻳًﺎ ﻋﻠﻲ وزن اﻟﺠﺴﻢ. اﻟﺼﺤﺮاوﻳﺔ
اﻟﺘﻌѧﺮض . ش ﻹﺷѧﻌﺔ اﻟﺸѧﻤﺲ ﻓѧﻲ ﻣѧﺎ ﺑﻌѧﺪ اﻟﻈﻬѧﺮ و ﻣﻌﺪل اﻟﺘﻨﻔﺲ إرﺗﻔﻌﺖ ﻣﻌﻨﻮﻳًﺎ ﻋﻨﺪ ﺗﻌﺮض اﻟﻜﺒѧﺎ 
.  ﺗﺮآﻴѧѧﺰ هﻴﻤﻮﻗﻠѧѧﻮﺑﻴﻦ و آﺮﻳѧѧﺎت اﻟѧѧﺪم اﻟﺒﻴﻀѧѧﺎء  ، ﻟѧѧﺪمﻹﺷѧѧﻌﺔ اﻟﺸѧѧﻤﺲ إرﺗѧѧﺒﻂ ﺑﺈﻧﺨﻔѧѧﺎض ﻣﻜѧѧﺪاس ا 
ﻤﺲ أدي إﻟѧѧѧѧѧѧﻲ زﻳѧѧѧѧѧѧﺎدة ﺗﺮآﻴѧѧѧѧѧѧﺰ ﻗﻠﻮآѧѧѧѧѧѧﻮز ﻓѧѧѧѧѧѧﻲ اﻟﺒﻼزﻣѧѧѧѧѧѧﺎ و ﺗﺮآﻴѧѧѧѧѧѧﺰ ﺸѧѧѧѧѧѧاﻟﺘﻌѧѧѧѧѧѧﺮض ﻹﺷѧѧѧѧѧѧﻌﺔ اﻟ
 . اﻟﻜﻠѧﻲ و أﻟﺒﻴѧﻮﻣﻴﻦ ﻓѧﻲ اﻟﻤﺼѧﻞ  ﻓﻲ اﻟﻤﺼѧﻞ و ﺧﻔѧﺾ ﺗﺮآﻴѧﺰ اﻟﺒѧﺮوﺗﻴﻦ   )loretselohc(آﻠﺴﺘﺮول
. ﻓѧﻲ اﻟﻤﺼѧﻞ  )nilusni(و ﺗﺮآﻴﺰ إﻧﺴﻴﻮﻟﻴﻦ  اﻟﺘﻌﺮض ﻹﺷﻌﺔ اﻟﺸﻤﺲ أدي إﻟﻲ إﻧﺨﻔﺎض اﻷﺳﻤﻮزﻳﺔ
, إﺿﺎﻓﺔ اﻟﻜﺮوم ﻟﻠﻐﺬاء أدى إﻟﻲ إﻧﺨﻔﺎض ﺗﺮآﻴﺰ ﻗﻠﻮآﻮز ﻓﻲ اﻟﺒﻼزﻣﺎ و ﺗﺮآﻴﺰ اﻟﺒﻴﻮﻣﻴﻦ ﻓﻲ اﻟﻤﺼﻞ
أدت إﻟѧﻲ ﺧﻔѧﺾ ﺗﺮآﻴѧﺰ إﺿѧﺎﻓﺔ اﻟﻜѧﺮوم . و أدي اﻟﻲ إرﺗﻔﺎع ﻓﻲ ﺗﺮآﻴﺰ اﻟﺒﺮوﺗﻴﻦ اﻟﻜﻠﻲ ﻓѧﻲ اﻟﻤﺼѧﻞ 
ﺴѧﻴﻮﻟﻴﻦ ﻓѧﻲ و إﻟѧﻲ زﻳѧﺎدة ﺗﺮآﻴѧﺰ إﻧ ، ﻜﻠﺴѧﺘﺮول ﻓѧﻲ اﻟﻤﺼѧﻞاﻟو  )sdipil latot( ﻲاﻟѧﺪهﻮن اﻟﻜﻠѧ
  . اﻟﻤﺼﻞ
اﻟﺤﺮﻣﺎن ﻣﻦ اﻟﻌﻠﻒ و اﻟﻤﺎء أدﻳﺎ إﻟﻲ إﺣﺪاث ﺗﻐﻴﺮات ﻣﻌﻨﻮﻳﺔ ﻓﻲ اﻹﺳѧﺘﺠﺎﺑﺎت اﻟﻔﺴѧﻴﻮﻟﻮﺟﻴﺔ  
اﻟﻨﺘﺎﺋﺞ أﻳﻀًﺎ أوﺿѧﺤﺖ ﺑѧﺄن اﻟﻜﺒѧﺎش اﻟﺼѧﺤﺮاوﻳﺔ ﻳﻤﻜﻨﻬѧﺎ اﻟﺘѧﺄﻗﻠﻢ ﻋﻨѧﺪ اﻟﺘﻌѧﺮض . ﻟﻠﻨﻌﺎج اﻟﺼﺤﺮاوﻳﺔ
ﺎﺋﺞ اﻟﺘѧﻲ ﺗѧﻢ اﻟﻨﺘѧ. و إن إﺿѧﺎﻓﺔ اﻟﻜѧﺮوم ﻳﻤﻜѧﻦ أن ﺗﺤﻘѧﻖ ﺑﻌѧﺾ اﻟﻤﺰاﻳѧﺎ اﻟﻔﺴѧﻴﻮﻟﻮﺟﻴﺔﻷﺷѧﻌﺔ اﻟﺸѧﻤﺲ 
أﻳﻀѧًﺎ ﺗﻤѧﺖ  . اﻟﺤﺼѧﻮل ﻋﻠﻴﻬѧﺎ ﺗﻤѧﺖ ﻣﻨﺎﻗﺸѧﺘﻬﺎ و ﺗﻔﺴѧﻴﺮهﺎ ﻓѧﻲ ﺿѧﻮء اﻟﻤﻌﻠﻮﻣѧﺎت اﻟﻌﻠﻤﻴѧﺔ اﻟﻤﺘѧﻮﻓﺮة 
 .ﻣﻨﺎﻗﺸﺔ إرﺗﺒﺎﻃﺎت اﻟﻨﺘﺎﺋﺞ ﺑﺎﻟﻔﺴﻴﻮﻟﻮﺟﻴﺎ اﻟﺒﻴﺌﻴﺔ ورﻓﺎهﺔ اﻟﻀﺄن ﻓﻲ اﻟﻤﻨﺎﻃﻖ اﻟﻤﺪارﻳﺔ
 
  
    Table 3.2. Effect of experimental treatments on food intake (kg/day) of desert ewes. (CTRL: control; WD: water deprivation; FWD:  
                      food and water deprivation). 
                                                                                 (n=4, mean ± S D) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
            Mean values within the same column bearing different superscripts (small letter) are significantly different     
            * p≤0.05, **p≤0.01, ***p≤0.001, nsNot significant.                                                                                                           
 
P value 
 
F value 
(days)  
       3 
 
 Realimentation 
     2 
 
 
1 
(days)  
     3 
 
Treatment 
       2 
 
 
       1 
 
Normal 
 
 
0.51 1. .42 ns A1.34± 0.63a A 1.28± 0.28a A1.33± 0.12a A1.34± 0.22a A1.52± 0.36a A1.32± 0.19a A1.26±0.18 a CTRL 
0.001 105.70*** A1.33± 0.20a B 1.23± 0.14a C1.08± 0.25b D 0.04± 0.14b D0.17± 0.29b D0.79± 0.10b B 1.24±0.29a WD 
0.001 80.19*** A 1.25±0.63a A1.24±0.13a B1.05±0.13b _ _ _ A1.23±0.23a FWD 
     2.04ns    0.56ns   35.59** 11.57* 24.11** 13.89**    6.89ns F value 
      0.31     0.44    0.01 0.03 0.01 0.01    0.23 P value 
        Table 3.3. Effect of experimental treatments on water intake (L/day) of desert ewes. (CTRL: Control; WD: Water deprivation; FWD:  
                 Food and water deprivation).       
  
 
            (n=4, mean ± S D) 
 
      
 
 
 
 
 
 
 
 
            Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
            Mean values within the same column bearing different superscripts (small letter) are significantly different.  
            ** p≤0.01, *** p≤0.001, nsNot significant. 
 
P value 
 
F value 
(days)  
        3 
  Realimentation 
          1 
(days)  
 
        3 
Treatment 
 
        2 
 
 
            1 
Normal 
        
 
0.11 2.03ns A5.21± 0.91a  A5.13±1.25b A5.15±1.50 A5.51± 0.10  A5.34± 0.32 A5.01± 0.12a CTRL 
0.001 21.19*** B4.79± 1.63a A8.12± 1.50a - _ -  B5.32± 0.50a WD 
0.001 43.01*** B5.22± 0.57a A7.23± 0.50a _ _ - B4.92±1.50 a WFD 
  4.16ns 19.56*** _ _ _  1.96ns F value 
  0.22 0.001 _ _ _ 0.63 P value 
 
    Table 3.4. Effect of   experimental treatments on mean body weight (kg) of desert   ewes. (CTRL: Control; WD: Water  
                     deprivation; FWD: Food and water deprivation).      
 
(n=4, mean ± S D) 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Mean values within the same row bearing different superscripts (capital letter)are significantly different. 
       Mean values within the same column bearing different superscripts (small letter) are significantly different. 
         * p≤0.05,   ** p≤0.01, nsNot significant. 
 
 
P value 
 
  
F value 
Realimentation  (day) 
 
           3 
 (days)  
 
         3 
 
Treatment
          
         1 
 
Normal 
 
 
              
 
0.43 0.85ns A25.15±1.5a 
 
A24.92±1.45a 
 
A24.25±1.5a 
 
A24.12±1.70a 
 
 
CTRL 
0.01 16.05** A26.12±0.16a 
 
B22.62±1.49ab 
 
A25.20±0.50a 
 
A25.50±0.10a 
 
 
WD 
0.02 4.52* A 25.76±0.25a 
 
B21.75±0.50 b 
 
A25.25±0.25a 
 
A25.87±0.28a 
 
 
FWD 
1.93ns 5.25* 3.76ns 
 
2.16ns 
 
F value 
 
0.20 
 
0.03 
 
0.06 
 
0.17 
 
P value 
 
 
Table 3.5.  Effect of experimental treatments on rectal temperature, Tr (ºC) of desert ewes.  (CTRL: Control; WD: Water deprivation;  
                   FWD: Food and water deprivation).       
     
                                                                                                  (n=4, mean ± S D) 
 
 Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
  Mean values within the same column bearing different superscripts (small letter) are significantly different.  
  * p≤0.05, * * p≤0.01, ns Not significant. 
 
 
 
 
 
P value 
 
 
 
 
 
F value 
Realimentation 
(day3) 
 
8:00 a.m. 
 
 
 
 
 
2:00 p.m. 
 
 
                    (day3) 
 
8:00 a.m. 
 
Treatment 
 
 
2:00 p.m. 
 
 
 
                               (day1) 
 
8:00 a.m. 
 
 
 
Normal 
 
8:00 a.m. 
          
 
0.61 
 
 
0.02 
 
0.32ns 
 
 
4.14* 
A38.51±0.32s 
 
 
B38.62±0.59a 
 
A38.42±0.10ab 
 
 
A39.52±0.62a 
 
A38.32±0.15a 
 
 
A38.90±0.46a 
 
A38.85±0.34a 
 
 
A38.60±0.34a 
 
 
A38.51±0.20a 
 
 
B38.21±0.34a 
 
A38.53±0.11a 
 
 
B38.41±0.15a 
 
 
CTRL 
 
WD 
 
0.03 
 
2.84* B38.20±0.40a 
 
A39.21±0.70a 
 
B38.51±0.22a 
 
A38.70±0.17a 
 
 
B38.53±0.22a 
 
A38.90±0.33a 
 
 
FWD 
0.45ns 
 
17.14** 1.84ns 
 
0.98ns 
 
0.61ns 
 
1.43ns 
 
F value 
 
0.15 
 
0.01 
 
0.21 
 
0.61 
 
0.56 
 
0.29 
 
P value 
Table 3.6. Effects of experimental treatments on respiration rate, RR (breaths/min) of desert ewes (CTRL: Control; WD: Water deprivation;  
                   
                 FWD: Food and water deprivation).      
 
                                   (n=4, mean ± S D)      
 
    Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
     Mean values within the same column bearing different superscripts (small letter) are significantly different. 
p≤0.05, ** p≤0.01,  ns Not significant.                                                                                                                                             *  
  
 
 
 
 
P value 
 
 
 
 
F value 
 
Realimentation 
(day 3) 
 
8:00 a.m. 
 
 
 
 
 
2:00 p.m. 
 
 
        (day 3)  
 
   8:00 a.m. 
Treatment
 
 
  
  2:00 p.m. 
 
 
             (day 1) 
     
    8:00 a.m. 
  
 
 
Normal 
 
   8:00 a.m. 
 
 
 
0.02 6.31* B31.03±2.30a 
 
 
A57.24±1.90a 
 
B33.23±2.30a 
 
A58.11±2.30a 
 
 
B33.44±2.30a 
 
 
B30.42±2.30a 
 
 
CTRL 
0.04 5.06* B31.51±3.40a 
 
 
A38.53±2.30b 
 
C28.51±2.30b 
 
A 37.50±2.30b 
  
 
 B33.20±2.30a 
 
 
B 32.40±2.30a 
 
 
WD   
0.05 7.60* A 33.10±3.20a 
 
 
B 30.40±7.30c 
 
C25.62±4.30b 
 
A35.52±2.30b 
 
 
A32.43±5.30a 
 
 
A 33.51±3.30a 
 
 
FWD   
0.47ns 13.72** 9.03* 8.59* 1.84ns 
 
0.05ns 
 
F value 
0.64 0.01 0.03 0.02 0.21 0.95 P value 
 Table 3.7.  Effect of experimental treatments on heart rate, HR (beats/min) of desert ewes. (CTRL: Control; WD: Water deprivation; 
                  FWD: Food and water deprivation).               
                                                                                                             (n=4, mean ± S D) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
        Mean values within the same column bearing different superscripts (small letter) are significantly different.  
         * p≤0.05, ns Not significant 
 
 
 
 
P value 
 
 
 
 
 F value 
 
Realimentation 
(day3) 
 
8.00 a.m. 
 
 
(day3)  
 
2.00 p.m. 
 
 
 
 
 
  8.00 a.m. 
 
Treatment 
(day1)  
 
2.00 p.m.  
 
 
 
 
 
  8.00 a.m. 
 
 
 
Normal 
 
    8.00 a.m. 
 
 
 
0.17 
 
1.67ns A56.5±2.5a 
 
A56.4±0.4b 
 
A58.4±5.6b 
 
A56.4±0.7a 
 
 
A55.5±2.5a 
 
 
A56.4±5.6a 
 
 
 CTRL 
 
0.02 
 
0.95ns A57.4±2.0a 
 
A56.1±0.3b 
 
A56.4±5.b 
 
A58.4±3.8a 
 
 
A55.4±3.2a 
 
 
A57.5±3.7a 
 
 
WD 
 
0.03 
 
2.36* B57.5±5.6a 
 
 
1.09ns 
A66.4±0.6a 
 
  6.89* 
A68.4±0.5a 
 
8.41* 
A 64.4±3.2a 
 
 
   1.00ns 
 
A62.7±1.5a 
 
 
   0.88ns 
 
B55.4±2.0a 
 
 
0.38ns 
 
FWD 
 
F value 
  0.13   0.02  0.05    0.21    0.41      0.69 P value 
         
 Table 3.8. Effect of experimental treatments on packed cell volume, PCV (%) of desert ewes. (CTRL: Control;  
                  WD: Water deprivation; FWD: Food and water deprivation).      
 (n=4, mean ± S D) 
 
 
 
 
 
 
 
 
 
 
 
             Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
              Mean values within the same column bearing different superscripts (small letter) are significantly different.   
              * p≤0.05, ns Not significant. 
 
  
 
 
P value 
 
F value 
Realimentation(days) 
                3 
(days)  
         3  
    Treatment 
            1 
 
Normal 
          
                  
 
0.08 2.28ns A27.25±0.5a A27.70±2.52b A26.50±2.30a A26.51±2.82a CTRL 
0.56 0.59ns A25.20±0.95a A29.52±0.57a A27.51±3.46a A27.25±4.57a WD 
0.24 1.37ns A25.51±2.51a A30.50±2.70a A28.50±2.82a A27.70±3.77a FWG 
  1.90ns 5.57* 0.47ns 0.23ns F value 
  0.20 0.03 0.63 0.80 P value 
 
 
            Table 3.9. Effect of experimental treatments on haemoglobin concentration (g/dL) of desert ewes.  (CTRL: Control; 
                             WD: Water deprivation; FWD: Food and water deprivation).      
 
                                                                           (n=4, mean ± S D) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
                     Mean values within the same column bearing different superscripts (small letter) are significantly different.  
                                * p ≤ 0.05, ** p ≤ 0.01, ns Not  significant. 
 
  
  
 
P value 
 
F value 
Realimentation 
              3 
(days)  
        3 
Treatment   
1 
 
Normal 
           
 
0.07 2.80ns A9.60±1.81a A10.02±0.25b A9.92±1.18a A10.37±1.28a CTRL 
0.01 12.50** B10.37±1.28a A13.50±0.70a A11.05±0.28a A11.17±1.72a WD 
0.03 4.08* AB11.37±1.28a 
       2.28ns 
0.16 
A13.75±1.85a  
       7.35* 
0.02 
B10.13±0.28a  
      1.70ns 
0.24 
AB11.10±0.28a  
      3.81ns 
0.06 
FWD 
F value 
P value 
  
  
       Table 3.10.  Effect of experimental treatments on total leuckocyte count, TLC (x103/µL) of desert ewes. (CTRL: Control; WD: 
                           Water deprivation; FWD: Food and water deprivation).      
 
                                                                                             (n=4, mean ± S D) 
 
 
 
 
 
 
 
 
                         Mean values within the same row bearing similar superscripts are not significantly different.  
                        Mean values within the same column bearing similar superscripts are not significantly different   
                                  ns Not significant. 
 
 
 
 
P value 
 
F value 
  Realimentation 
        3 
 (days)  
       3 
Treatment 
1 
 
Normal 
         
               
0.94 0.19ns A7.19±2.06a A7.15±3.77a A7.03±3.57a A7.19±1.11a CTRL 
0.11 2.28ns A6.49±2.12a A7.25±3.42a A6.15±3.28a A6.29±0.82a WD 
0.07 1.98ns A6.44±2.59a A6.79±2.95a A6.55±2.96a A6.54±1.11a FWD 
  0.48ns 
0.63 
2.03ns 
0.19 
1.09ns 
0.38 
2.72ns 
0.12 
F value 
P value 
 
 
Table 3.11. Effect of experimental treatments on plasma glucose level (mg/dL) of desert ewes. (CTRL: Control; WD: Water  
                  deprivation; FWD: Food and water deprivation).      
 
(n=4, mean ± S D) 
                                                                                     
 
 
 
 
 
 
 
 
                  Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
                  Mean values within the same column bearing different superscripts (small letter) are significantly different 
                   ** p≤0.01,  * p≤0.05,  ns Not significant. 
  
  
  
 
P value 
 
F value 
Realimentation  
3  
(days)  
  3 
      Treatment 
            1  
 
Normal 
           
                
0.08 2.67ns A57.47± 0.14a A56.50± 2.88b A55.67± 2.01a A53.07± 0.18a CTRL 
0.01 9.13** B59.60±2.31a A68.80±1.10a B58.30±2.40a B54.01±2.01a WD 
0.02 3.99* A60.52±1.95a A65.52±1.95a A60.60±1.14a B55.60±0.68a  FWD 
  0.59ns 10.03** 0.24ns 1.61ns F value 
  0.57 0.01 0.79 0.25 P value 
  
  
    Table 3.12. Effect of experimental treatments on serum sodium, Na concentration (MEq/L) of desert ewes. (CTRL: Control;  
                        WD: Water deprivation; FWD: Food and water deprivation).      
 
(n=4, mean ± S D) 
        
 
 
 
 
 
 
 
            Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
             Mean values within the same column bearing different superscripts (small letter) are significantly different.  
             * p≤0.05, ** p≤0.01, nsNot significant.  
 
 
 
P value 
 
F value 
Realimentation
            3 
(days)  
           3 
         Treatment 
            1 
 
Normal 
 
                    
0.07 2.33ns A136.01±1.41a  A133.12±1.41b A134.25±4.71b A134.02±0.35a  CTRL 
0.33 1.77ns A133.25±2.87a   A135.25±0.95ab   A135.05±3.41b A134.25±4.03a  WD 
0.02 4.00*  B132.50±2.38a  A138.82±1.63a   A138.50±1.05a B132.25±0.34a FWD 
  1.74ns 9.72** 4.56* 1.70ns F value 
  0.23 0.01 0.04 0.14 P value 
  
 Table 3.13. Effect of experimental treatments on serum magnesium (Mg) concentration (mg/dL) of desert ewes.  (CTRL: Control;  
                    WD: Water deprivation; FWD: Food and water deprivation).      
                                                                                                                 (n=4, mean ± S D) 
   
 
 
 
 
 
 
 
                            Mean values within the same row bearing similar superscripts (capital letter) are not significantly different. 
                              Mean values within the same column bearing similar superscripts (small letter) are not significantly different.      
                                            nsNot significant. 
  
  
 
  
 
P value 
 
F value 
Realimentation   
3 
(days)  
        3 
        Treatment 
           1 
 
Normal 
                  
     
0.46 0.79ns A 1.90±0.60a A 2.02±0.68 a A 1.52±0.25 a A1.82±0.35a  CTRL 
0.10 1.62ns A 2.02±0.59 a  A1.95±0.17 a A 1.82±0.34 a A 1.87±0.56 a WD 
0.11 1.76ns A 55.022.2 ± a A 2.22±0.55 a A 1.62±0.36a A 1.47±0.27a FWD 
  0.27ns 3.39ns 0.53ns 2.96ns F value 
  0.77 0.08 0.61 0.10 P value 
             
Table 3.14. Effect of experimental treatments on serum total lipids concentration (mg/dL) of desert ewes. (CTRL: Control;  
                    WD: Water deprivation; FWD: Food and water deprivation).     
              
                                                                                                     n=4, mean ± SD)   
                         
 
             
 
 
 
 
 
 
 
 
 
                          Mean values within the same row bearing different superscripts (capital letter) are significantly different.                   
                           Mean values within the same column bearing different superscripts (small letter) are significantly differe   
                           * p≤0.05, ** p≤0.01, ns Not significant. 
  
 
 
P value 
 
F value 
     Realimentation (days)    
 
3 
  (days)  
          3 
           Treatment 
               1 
 
Normal 
              
 
0.24 1.47ns A130.67±o.82a   A131.87±0.56b  A131.27±1.53a  A130.98±0.54
a  
CTRL 
0.01 12.78** C131.92±0.92a A139.52±0.87ab B132.60±1.10a B134.72±1.13a  WD 
0.02 4.83* C132.92±0.51a A141.12±0.66a  C130.98±0.62a  
B135.95±1.51a 
FWD 
  0.73ns 4.57* 1.18ns 0.70ns F value 
  0.24 0.04 0.13 0.52 P value 
  
 
       Table 3.15. Effect of experimental treatments on serum creatinine concentration (mg/dL) of desert ewes (CTRL: Control; WD:  
                                                  Water deprivation; FWD: Food and water deprivation).      
 
 
(n=4, mean ± SD) 
 
  
 
 
 
 
 
 
 
 
                             Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
                              Mean values within the same column bearing different superscripts (small letter) are significantly different 
                               *p≤0.05, ns Not significant.                                                                                                                                    
  
  
  
 
P value 
 
F value 
Realimentation
 
3 
(days)  
          3 
       Treatment 
           1 
 
Normal 
 
 
 
0.07 1.11ns A 1.35±0.42a A0.95±0.12b A1.02±0.33a A0.90±0.18a CTRL 
0.19 1.70ns A 1.27±0.25a A 1.30±0.21a A1.40±0.08a A 0.91±0.20a  WD 
0.06 2.05ns A 1.22±0.40a A 1.35±0.23a A1.07±0.28a A1.40±0.68a FWD 
  0.12ns 11.08* 2.51ns 0.24ns F value 
  0.89 0.03 0.14 0.79 P value 
 
Table 3.16. Effect of experimental treatments on serum osmolality (mOsmol/kg) of desert ewes. (CTRL: Control; WD: Water deprivation;  
                       
                    FWD: Food and water deprivation).     
                                 (n=4, mean ± SD) 
 
  
     
 
 
 
 
 
 
 
 
                           Mean values within the same row bearing different superscripts (capital letter) are significantly different. 
                           Mean values within the same column bearing different superscripts (small letter) are significantly different.  
                            ** p≤0.01, nsNot significant. 
 
P value 
 
F value 
Realimentatin         
3 
(days)  
   3 
       Treatment
           1  
 
Normal 
          
 
1.00 0.35ns A288.00±3.53a A288.00±3.53b A281.75±2.04a A285.75±1.08a  CTRL 
0.01 22.23** B285.25±5.21a A299.5±1.62a B289.25±1.44a B286.25±2.79a WD 
0.01 30.05** A292.75±8.34a A302.5±0.61a B284.10±5.33a B282.11±1.14a FWD 
  0.05ns 20.59** 1.02ns 0.18ns F value 
  0.83 0.01 0.34 0.68 P value 
Table 3.17. Effect of experimental treatments on serum cortisol level (nmol/L) of desert ewes. (CTRL: Control; WD: Water deprivation; FWD: 
Food  
             and water deprivation).     
         
                                 (n=4, mean ± S D) 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                     Mean values within the same row bearing different superscripts (capital letter) are significantly different.  
                     Mean values within the same column bearing different superscripts. 
                      * p≤0.05, ** p≤0.01, ns Not significant. 
  
 
P value 
 
F value 
  Realimentation(days)  
               3 
(days)  
         3  
         Treatment 
           1 
 
Normal 
 
 
0.49 0.72ns A 45.52±2.92a A44.15±0.27b A46.72±2.88a A 48.95±2.09a  CtrL 
trl 8.72** B46.65±1.58a A 55.92±2.57a A48.82±1.61a B 45.15±0.43a WD 
0.02 3.07* B 48.62±2.80a A52.92±3.67a B45.92±0.60a B 46.27±1.87a FWD 
  2.17ns 4.82* 3.42ns 1.89ns F value 
  0.17 0.04 0.07 0.21 P value 
   CHAPTER ONE 
GENERAL INTRODUCTION 
1.1 The economic importance of sheep in Sudan  
In the tropics, sheep are raised for meat, milk, skin and fibre 
production. In Sudan, sheep play an important economic and social 
role and constitute a valuable strategic resource for both local and 
export purposes. They provide a popular source of meat for local 
consumption and an important source of foreign currency (Payne, 
1990; Mufarrih, 1991). 
Sheep population in Sudan is estimated at about 49 million head 
(FMAR, 2005). Based on physical features and ecological 
distribution, the sheep in the Sudan have been classified by McLeroy 
(1961) to four main ecotypes; Sudan Desert, Arid Upland, Equatorial 
Upland and Nilotic. The desert sheep include Kabashi, Butana, 
Hamary, Gazira, Meidob, Watish and Bija (Payne, 1990).  
The most recent survey indicates that the live sheep and 
exported mutton represent the highest contribution compared with 
other species of livestock (FMAR, 2005). The annual live export of 
sheep is about one million and the locally consumed mutton is more 
than 11 million heads per year (El-Khider et al., 1998).  
Desert sheep have distinct reproductive features. The value of 
the breeding ewes is determined by the quality and quantity of lambs 
or mutton produced and the length of productive life (Mufarrih, 1991). 
Wilson (1981) reported a lambing rate of 146% for Sudan Desert 
sheep, while Suleiman and Eisawi (1984) reported an overall lambing 
rate of 119 %. This relatively low rate is probably attributed to the 
nutritional factors. A long productive life of breeding ewes is a 
 desirable characteristic; the useful life of ewes of the Sudan Desert 
sheep was reported to be about 7 years (Mufarrih, 1991).The 
reproductive and productive performances of sheep are influenced 
directly and indirectly by nutrional and climatic factors. 
1.2 Climatic conditions of Sudan  
Climate is one of the most important components of physical 
environments. It is summation of a number of critical elements such as 
temperature, sun-shine, winds and evaporation (El-Tom, 1986).The 
climate of the Sudan is mainly tropical continental with main 
variations in pressure and air currents within the tropical zone. It 
ranges from desert in the north to equatorial climate in the south. The 
vegetation changes from non in the desert to evergreen tropical forest 
in the south (Saeed and Mohamed, 2008). 
The average rainfall in Sudan varies greatly, with annual 
rainfall of less than 25 mm in the north, to close to 1500 mm in the 
south (Webersik, 2008). In Sudan, the semi-arid environment is 
characterized by long hot summer with high solar radiation along with 
poor and sparsely distributed pasture. Furthermore, water is scarce and 
grazing animals depend on the widely spaced watering points to 
satisfy their needs. These harsh environmental conditions constitute 
stressful situations to animals. However, the animals have developed 
various adaptive mechanisms that enable them to survive under these 
conditions of heat and water stresses (Shkolnik and Choshniak, 1985).  
1.3 Stress in animals in relation to nutrition and climate.   
 Stress is defined as a condition in an animal that results from 
the action of one or more stressors that may be of either external or 
internal origin (von Borell, 2001). It occurs whenever the animals are 
presented with a challenge to homeostasis in the form of physiological 
 stimulus (Archer, 2005). Indirect stresses comprise those which affect 
the supply and availability of food, and are determined by climatic and 
other factors which affect the growth of the plants consumed by 
animals (Blaxter et al., 1959). Adverse environments influence the 
nutritional requirements of animals directly, and may reduce the 
supply and quality of the food. In arid zone, long drought leads to lack 
of food (Shinde et al., 2000).   
In hot arid regions, ruminants are faced with problems which 
include adaptation to large seasonal and circadian temperature 
fluctuations and recurrent periods of food and water shortage (Olsson, 
2005). Such environments exert nutritional stress on the ruminants in 
tropical regions in Africa (Aganga et al., 1988). In the wet season, 
sheep utilize natural pastures and during the dry season they migrate 
in pursuit of water and grazing areas (Atabani, 1966).The fate of 
absorbed nutrients is influenced by the environmental conditions and 
the physiological responses of animals (Weston, 1966).Determination 
of physiological responses to external and internal stimuli and 
understanding the physiology of nutritional stress in sheep is crucial in 
assessing their welfare.  
1.4. Effect of food deprivation 
Under grazing conditions in the semi-arid zone, the quantity 
and quality of food is affected. Under extreme conditions, the 
available food may not be adequate for maintenance. Food deprivation 
influences the energy balance and physiological responses of animals 
(Olsson et al., 1996a). Food deprivation is associated with loss of 
body weight, and the effect is reversed during the post stress period 
 (Phillips et al., 1991). Weight loss of animals may be attributed to 
feed deprivation and transportation (Cole et al., 1988).  Ruminants can 
adapt to feed deprivation by altering their metabolism (Bond et al., 
1976; Phillips et al., 1991). During prolonged food deprivation, the 
energy requirements of ewes are obtained mainly from mobilization of 
proteins and fats (Panaretto, 1968). In fasting state, the availability of 
energy depends upon utilization of body reserves to prevent tissue 
catabolism (Payne and Payne, 1987). These energy transformations 
usually interfere with thermoregulation in animals (Nangia and Grag, 
1988).  
1.4.1 Water relations 
Generally, there is a close relationship between feeding and 
drinking when food and water are freely available, so that a constant 
dry matter: water intake ratio is maintained (Teixeira et al., 2006). 
Food deprivation decreases water intake in sheep (Wolf, 1958; 
Dahlborn and Holtenius, 1990). After 48 hrs of food deprivation, the 
capacity of the reticulorumen to absorb electrolytes drastically 
decreases. Food deprivation leads to decreased net absorption of all 
the substances from the gut. The decrease in solute absorption was 
associated with diminished water absorption in Merino sheep (Gäbel 
et al., 1993). However, Rossi et al. (1999) reported a relationship 
between dry matter intake and water intake in goats.  
1.4.2 Thermoregulation  
Food deprivation influences the energy and water metabolism 
in animals, and accordingly the heat balance and thermoregulation are 
affected. 
Prolonged food deprivation causes a fall in the core body 
temperature of homeotherms (Piccione et al., 2002). This response has 
 the advantage of conserving energy without restricting the critical 
activities such as the search for food. Food deprivation may affect the 
daily cycle of body temperature in mammals. Behavioural 
thermoregulation was also shown to be modulated by food deprivation 
in sheep (Piccione et al., 2002). In hot environment, high plane of 
feeding decreased the heat tolerance of sheep (Blaxer and Boyne, 
1982). Low levels of feeding which decrease the metabolic heat 
production (Shmidt- Nielsen, 1964) were associated with reduced 
rectal temperature and respiration rate in crossbred Indian sheep 
(Naqvi and Rai, 1991).  
 
1.4.3 Blood constituents 
Food deprivation in sheep is usually associated with changes in 
blood constituents. Food deprivation was shown to be associated with 
alterations in metabolic processes, plasma catabolic hormones, and 
glucose level (Danuta Wronska et al., 1990). It also induces a decrease 
in plasma glucose level and an increase in creatinine, total protein and 
serum concentrations of cortisol (Horton et al., 1996; Krawczel et al., 
2007), and elevated concentrations of creatinine in sheep (Li et al., 
2000). 
1.5 Effect of water deprivation  
 Ruminants use different strategies to cope with harsh 
environments. When exposed to water deprivation, Awassi sheep have 
a low water turnover and produce small amount of milk (Olsson et al., 
1996b). Under conditions of dehydration, moisture evaporation is 
reduced to conserve water, a strategy that results in partial 
abandonment of homeothermy (Olsson, 2005). 
 Dehydration causes shift of body water from the extracellular 
fluid to the ruminal contents during a meal (Cole, 2000).Water loss is 
reduced both in urine and in faeces as an adaptive response (Ashour 
and Benlemlih, 2001). In the desert, sheep are always faced with the 
problem of slow dehydration. After a long period of dehydration, 
sheep will be depleted of water (Aganga et al., 1990; Aganga, 1992). 
1.5.1 Food intake and energy metabolism  
  Water and food intake are highly correlated (More et al., 1983; 
Silanikove, 1989; Ferreira et al., 2002). Food deprivation decreases 
metabolic rate in sheep (Maloiy et al., 2008). For ruminants grazing in 
the semi-arid tropics, the maintenance of balanced water and energy 
metabolism is challenging (Mcfarlane and Howard, 1972, Abdelatif 
and Ahmed, 1994). Water deprivation reduces appetite and digestion 
(Silanikove, 1992). Osman and Fadlalla (1974) reported that when 
water was withheld from the desert sheep, their food intake was 
reduced, but the magnitude of change was influenced by the feed type. 
Sheep reduce their food intake during moderate dehydration and may 
not eat during severe dehydration (Houpt, 2004). Silanikove (2000) 
reported that desert breeds demonstrate greater capability to 
ameliorate the stressful effects induced by water deprivation, and 
therefore maintain higher feed intake than non-desert breeds. 
1.5.2 Thermoregulation. 
The stabilizing properties of water which include transportation 
of metabolites and loss of heat by evaporation tend to maintain a 
steady internal environment of the body (King, 1983).  Disturbances 
of water balance influence the body heat balance (Macfarlane, 1964). 
The body temperature responds to high heat load and limited water 
availability (Ostrowski et al., 2003). Ahmed and El Kheir (2004) 
 reported that water restriction decreased water turnover rate and 
evaporative losses in goats.  
In desert sheep, restricted access to water decreased the 
morning and afternoon values of rectal temperature and respiration 
rate (Abdelatif and Ahmed, 1994). Water deprivation also 
significantly lowered the respiratory rate in Yankasa sheep (Aganga, 
1992), while variations in rectal temperature were slight among 
animals on varying watering intervals (Aganga, 1992). Sheep increase 
water intake and water turnover rate during summer in order to 
facilitate evaporative heat loss, while in winter the water turnover is 
reduced (Macfarlane, 1968).   
1.5.3 Blood constituents  
Water deprivation usually increases the concentration of blood 
constituents. The high values of blood constituents obtained in water-
deprived animals were attributed to haemoconcentration caused by 
dehydration (Aganga et al., 1990). The restriction of drinking water or 
dehydration may influence the volume and composition of blood in 
animals. Reducing the water intake decreased the blood volume in 
Marwari sheep (Purohit et al., 1972). Adolph-Bessa and Aganga 
(2000) reported that the changes which occur in the blood constituents 
are modulated mainly by haemoconcentration following dehydration 
in Tswana goots associated with increased PCV and haemoglobin 
(Hb) concentration. Water deprivation increased serum osmolality in 
sheep (Laden et al., 1987; Abdelatif and Ahmed, 1994).  Serum 
creatinine concentration increased during water deprivation in sheep 
(Macfarlane et al., 1961; Laden et al., 1987; Aganga et al., 1989b; 
Igbokwe, 1993). 
 Water deprivation was found to increase plasma Na 
concentrations in sheep (Parker et al., 2003). Dehydration in sheep 
was associated with increased serum Na concentration (Macfarlane et 
al., 1961; Aganga et al., 1989b; Igbokwe, 1993; Jaber et al., 2004). 
 
1.6 Effects of exposure to solar radiation and thermal stress  
The tropical environment is characterized by high intensity of 
solar radiation. Radiation from the sun constitutes one of the 
important environmental factors; it includes infrared, ultraviolet and 
visible light, and changes throughout the day (Gates, 1968).  
Heat stress is a significant issue for livestock grazing in tropical 
areas (Houghton et al., 1995). Stress-induced hyperthermia has been 
used to assess the stressfulness of management practices in sheep 
(Parrott et al., 1999). Though ruminants have mechanisms for 
thermoregulation, they do not maintain a strict body temperature 
(Silanikove, 2000). Exposure to heat resulted in an increase in 
respiration rate, body temperature and consumption of water, and 
adecline in food intake (Marai et al., 2007). 
1.6.1 Food and water intake  
The intake of food and water are integrated and controlled by 
the hypothalamus, as the lateral hypothalamic area is designated as a 
feeding centre and the ventromedial one is a satiety centre (Das et al., 
1999). In sheep, food intake is regulated by a thermostatic mechanism 
and there is an inverse relationship between food intake and body 
temperature and the specific dynamic action (SDA) of food (Blaxter, 
1959). Several studies have reported that sheep have reduced food 
intake in response to heat stress (Terrill, 1968; Mount, 1979; Dixon et 
al., 1999).  
 Reduced food intake in response to heat load may be a direct 
negative effect of elevated temperatures on the appetite centre of the 
hypothalamus (Baile and Forbes, 1974; Stockman, 2006). The 
reduction in food intake can be an adaptive response to a hot 
environment, as reduced food intake decreases the heat generated 
from ruminal fermentation and body metabolism, and therefore aids in 
maintaining thermoneutrality (McDowell, 1985; Monty et al., 1991). 
Behavioural responses of sheep, such as higher feed intake at night 
compared to intake during the day, allow the animal to decrease the 
heat production associated with food intake when exposed to high heat 
load during the day (Macfarlane et al., 1958; Stockman, 2006). 
Heat stress decreases feed intake but increases water intake in 
sheep (West et al., 1991; Srikandakumar et al., 2003). During heat 
stress, water intake is important for maintaining body fluid 
homeostasis (McKinley and Johnson, 2004). Blaxter et al. (1959) 
indicated that sheep might attempt to keep cool at high temperatures 
by ingesting water; however, the overall efficiency of this process is 
low because the gradient between water temperature and body 
temperature could be small. 
1.6.2 Thermoregulation  
When exposed to hot environment, sheep react by increasing 
rectal temperature and often resort to panting as the main avenue of 
evaporative heat dissipation and maintenance of homeothermy when 
the ambient temperature is equal to or greater than body temperature 
(Macfarlane and Howard, 1972; Degen, 1977; El-nouty et al., 1990). 
Sheep can maintain a relatively constant body core temperature over a 
wide range of environmental temperature. The rate of heat loss to the 
environment, as indicated by the equation: 
      M –W = Rn+ C + K+ גEr + גEs+ J.  
In this equation, M: equals the metabolic heat production, W: rate of 
external work done, K: rate of heat loss by conduction, C: is the heat 
loss by convection, Rn: net rate of heat loss by radiation, and גEr: is 
the heat loss by evaporation from the respiratory tract, גEs:  rate of 
heat loss by evaporation from the skin surface and J is the rate of heat 
storage (McArthur, 1991). The rate of heat transfer from an animal to 
the surrounding environment is dependent on the temperature or 
vapour pressure gradient. Conduction, convection and radiation are 
referred to as the sensible heat transfer processes because they involve 
thermal gradient (Bhattacharya, and Hussein, 1974). Heat loss is 
enhanced by thermal gradient between the body and ambient air 
(Ingram et al., 1963; Degen, 1977), and the heat absorbed during the 
day is dissipated by sensible channels during the night (McArthur, 
1991). Heat stress increased respiratory rate and rectal temperature in 
sheep (Itoh et al., 2001; Srikandakumar et al., 2003). In heat stressed 
sheep, respiration rate varies from 20-50 up to 300 breaths/min (Terril, 
1968).  
During summer, sheep exposed to solar radiation displayed 
enhanced respiration rate and increased rectal temperature compared 
with shaded animals (Sevi et al., 2001; Caroprese, 2008). The heat 
stored during the day is dissipated during the cool night when the 
ambient temperature falls below the body temperature. In this manner, 
the sheep can minimize evaporative cooling during the day (Schmidt-
Nielson, 1957; Taylor, 1970a; Ostrowski et al., 2003). 
 
1 .6.3 Blood constituents 
 The hot environment increases the cardiac output and skin 
blood flow in response to vasodilatation which facilitates heat 
dissipation (Bianca, 1962; Hales, 1973). The blood constituents might 
be influenced by thermal environment. Tropical breeds of sheep 
showed low levels of packed cell volume (PCV) and haemoglobin 
concentration (Hb) during summer in Merino sheep (da Silva et al., 
1992) and the total leukocyte count (TLC) was reported to decrease in 
beef cattle on prolonged exposure to heat (Gutierrez et al., 1971). 
Solar radiation may influence the utilization of carbohydrates; solar 
heat load increased blood glucose concentration in sheep (Hassanin et 
al., 1996., Srikandakumar et al., 2003); this response could be 
attributed to enhanced liver gluconeogenesis under the influence of 
catecholamines (Thompson, 1973). However; heat exposure was 
reported to decrease basal insulin and glucose concentration in sheep 
(Itoh et al., 2001). 
Guerrini et al. (1982) reported an increase in plasma total 
protein concentration in wethers exposed to solar radiation. The hot 
environment was associated with an increase in cortisol level, and 
reduction in protein and carbohydrate metabolism (Singh et al., 1982). 
Acute heat exposure of cattle stimulated an increase in cortisol 
secretion which tended to decrease gradually (Christison and Johnson, 
1972; Buragohain et al., 1986). However, prolonged exposure to 
thermal stress was associated with reduction in the secretion of 
glucocorticoids in sheep (Bareham, 1975). The hormonal changes that 
occur in response to heat stress may play an integral role in the decline 
in productivity (Mitra et al., 1972; West, 2003).  
 
 
  
 
1.7 Effects of chromium (Cr) supplementation on responses  
      of animals to stress.    
Cr was isolated from brewer’s yeast (Burton et al., 1993, 
Luseba, 2001).Cr may be present in diets in the form of inorganic 
compounds or organic complexes (Ducros, 1992). Hexavalent 
compounds dissolve better than trivalent compounds when 
supplemented directly to the intestine in albino rats (Mackenzie et al., 
1959). The percentage of Cr absorbed from the diet decreases until it 
reaches 40µg/day, after which the absorption stabilizes at 0.5% 
(Anderson and Kozlovski, 1985; Bunker et al., 1984). The absorption 
of Cr is generally low, ranging between 0.4 and 2.0 % in sheep 
(Pechova and Pavlata, 2007).   
 
1.7.1 Physiological functions of Cr 
Cr activity in animals is associated with a substance called the 
glucose tolerance factor (GTF) (Schwartz and Mertz, 1959; Pechova 
and Pavlata, 2007). Cr is the component of the glucose tolerance 
factor and is important in carbohydrate, protein and fat metabolism, 
presumably by potentiating the action of insulin (Anderson, 1987; 
Mertz, 1993; Haldar et al., 2007). Supplementation of Cr and insulin 
led to increased glucose oxidation, increased glycogenesis and 
conversion of glucose to lipids, combined with increased glucose 
utilization (Anderson et al., 1997). Cr increased the net synthesis of 
fat in the adipose tissue, decreased the net release and potential 
improvement of amino acid uptake (Pechova and Pavlata, 2007).The 
 demand for Cr in animals increases during periods of high stress 
(Anderson, 1998). 
The mechanism for the action of Cr was described by Vncent 
(2000). Increased glucose concentration leads to the fast release of 
insulin into blood. Insulin binds to transmembrane protein insulin 
receptor, causing its conformation change. Mertz (1969) indicated that 
Cr supplementation intensifies the incorporation of amino acids into 
heart proteins and amino acid uptake by tissues. 
 Cr improves insulin binding and increases the number of 
insulin receptors on the cell surface and sensitivity of pancreatic B-
cells, together with an overall increase of insulin-sensitivity 
(Anderson et al., 1997). Cr acts as a cofactor for insulin and therefore, 
Cr activity in the organism is parallel to insulin functions (Anderson, 
1987). However, enhancing insulin activity, Cr cannot substitute 
insulin. In the presence of organic Cr, a lower insulin level is 
sufficient to achieve a similar biological response (Mertz, 1993). 
Stahlhut et al. (2006) reported that 10-45 min after glucose 
administration, lower serum insulin concentration was obtained in Cr 
picolonate supplemented cows. 
1.7.2 Thermoregulation  
Chromium supplementation tended to increase respiration rate 
and decrease rectal temperature in sheep (Kobeisy et al., 2004). 
Moonise-Shageer and Mowat (1993) reported that supplemental Cr 
decreased body temperature in calves.  
1.7.3 Blood constituents 
The association between Cr and carbohydrate metabolism has 
been demonstrated by Jeejeebhoy et al. (1977). Supplementation of Cr 
increased glycogenesis (Anderson et al., 1997) and plasma insulin 
 concentrationin (Morries et al., 1993).Cr supplementation decreased 
the total lipids in blood in sheep (Uyanik, 2001), increased serum total 
protein, albumin and insulin in cows (Hold-Sworth, 1990). Cr 
decreased serum cortisol in calves (Chang and Mowat, 1992).  
1.8 Objectives of the research project 
Sheep may be exposed to various forms of stress which include 
drought and malnutrition during the dry season. Such conditions lead 
to physiological disturbances that are associated with reduction in feed 
intake, loss in body weight, low reproductive rate and low disease 
resistance (Hafez, 1969; Jaber et al., 2004). Exposure to stressful 
environmental conditions can alter resistance to disease by affecting 
mainly glucocorticoids (Ewing et al., 1999). 
Sheep may also be exposed to climatic stress, particularly when 
kept under direct solar radiation. Heat stress occurs when any 
combination of environmental conditions, such as air temperature, air 
movement and solar radiation cause the effective temperature of 
environment to be higher (Bianca, 1962; Srikandakumar et al., 2003). 
The objective of the present study was to evaluate the responses of 
desert sheep to nutritional and environmental stresses. The studies 
were designed to investigate the effects of food and water deprivation 
and exposure to solar radiation on physiological responces. Also it 
was intended to examine the possible beneficial effects of dietary Cr 
supplementation in sheep exposed to heat.  
 
 
 
 
 
  
 
  CHAPTER TWO 
MATERIALS AND METHODS    
2.1 Experimental animals 
 A total number of 24 mature desert sheep (Ovis aries) were 
used in the studies. In experiment 1, 12 ewes aged 2.0 - 2.5 yrs, with 
an average body weight (BW) of 25.0 ± 0.25 kg were selected from the 
stock of Sheep Breeding Unit of the University of Khartoum farm. In 
experiment 2, the animals used in the study were 12 rams, aged about 
one year with an initial mean BW of 25.91± 0.53 kg, the rams were 
purchased from the local market. Both experimental groups of animals 
were kept for an adaptation period of 7 days before the 
commencement of proper experimental work. All animals were ear 
tagged for identification.  
2.2 Housing and management 
The experimental animals were kept in different system of 
housing and management at the Department of Physiology. In 
experiment 1, in which the effects of food and water deprivation were 
studied in ewes, the animals were accommodated individually in 
separate pens. In experiment 2, the effect of solar radiation and Cr 
supplementation were evaluated in rams kept in animal pens. During 
the experiments, the animal were fed lucerne hay (Medicaga saliva) 
crushed and thoroughly mixed by a machine. The chemical 
composition of lucerne hay is shown in Table 1 (Sulieman and 
Mabrouk, 1999). 
 
 
  
 
 
 
 
Table 1. Composition of lucerne hay (Medicago sativa) (Sulieman and 
                 Mabrouk, 1999).  
 
 
Item 
 
(g/kg) 
 
Dry mater  95.1 
 
Oil  16.5 
 
Crude protein (CP)  190.1 
 
Crude fibre  273.4 
 
Ash   143 
 
Nitrogen free extract (NFE) 328 
  
Calcium (Ca) 20.2 
 
Phosphorus (P) 1.8 
 
Sodium chloride (NaCl) 6.0 
 
Magnesium (Mg) 3.0 
 
 
Metabolizable energy (ME) = 7.09 (MJ/kg) 
 
   
2.3 Climatic measurements 
  For each experiment, the ambient temperature (Ta) and relative 
humidity (RH) measurements were obtained from Shambat 
Meteorological Unit located about 500 meters from the experimental 
site. These data were used to compute the corresponding values of 
temperature–humidity index (THI) according to the formula proposed 
by Ravagnolo et al. (2000).The THI is calculated as: 
 
THI= (1.8 X T+32) - [(0.55-0.0055 X RH) X (1.8 X T- 26)] 
Were: T= Air temperature (°C). 
         RH = Relative humidity (%). 
 
2.4 Water intake 
  During the experiments, the animals were offered tap water. In 
experiment 1, water was offered daily at 8.00 a.m in individual 
buckets. The daily water intake of each animal was measured by a 
graduated measuring cylinder. The water intake of each animal was 
adjusted for evaporative loss. In experiment 2, adequate amounts of 
tap water were provided for each experimental group. 
 
2.5 Rectal temperature (Tr)  
Measurements of Tr of experimental animals were make to the 
nearest ±0.1ºC with a certified digital clinical thermometer (Hartman, 
United Kingdom) inserted to a depth of approximately 8 cm. The 
thermometer was inserted for a minimum of 1 min before obtaining 
the reading. 
 
  
2.6 Respiration rate (RR)        
The RR (breaths/min) of animals was measured by visually 
counting the flank movements with the aid of a stop-watch. The 
values were taken for one minute of regular breathing with the animal 
standing quietly. 
 
2.7 Heart rate (HR)       
 The HR (beats/min) of the experimental animals was measured 
using a stethoscope for counting the heart sounds for 1 minute when 
the animal was standing quietly and breathing regularly.  
 
2.8 Body weight (BW) 
During the experimental periods, the animals were weighed to 
the nearest ±0.5 kg using a sling spring balance (Salter-England).  
 
2.9 Blood analysis 
2.9.1 Collection of blood samples      
 Blood samples were collected from the animals by jugular 
venipuncture using 5 ml disposable syringes. Immediately 1 ml was 
transferred to a test tube containing the anticoagulant disodium 
ethylene diamine tetraacetate (Na2- EDTA). Sodium fluoride was 
added to inhibit the enzymatic reaction that influences glucose 
concentration (Kelly, 1984). The sample was centrifuged at 3000 
r.p.m. for 15 min, and plasma separated was used for glucose 
determination. 1 ml of blood was also transferred to another test tube 
containing the anticoagulant; the sample was used for measurement of 
haematological indices. The rest of the blood sample was allowed to 
 stay for 4 hrs at room temperature, and then centrifuged (Hettich 
Zentrifugen - Germany) at 3000 r.p.m. for 15 min. Haemolysis- free 
serum was harvested and transferred to clean plastic vials and 
immediately frozen at -20 ºC for subsequent analysis. 
 
2.10 Haematological parameters 
The haematological parameters were determined according to 
the standard methods described in Schalms Veterinary Haematology 
(Feldman et al., 2006). 
2.10.1 Packed cell volume (PCV)     
The PCV of erythrocytes as percentage of whole blood was 
measured using a micro-haematocrit centrifuge (Hawksley – London). 
Plain capillary tubes were filled with blood to approximately 3/4, and 
one end was sealed by cristaseal. Then the tubes were centrifuged at 
11000 r.p.m. for 5 min. The PCV was measured as percentage of 
whole blood using the reader. 
2.10.2 Haemoglobin concentration (Hb) 
The concentration of Hb was determined using a kit (Spin-
react-haemoglobin- Drabkin’s Kit) based on the method of Baker and 
Silverton (1985).  
Principle         
Ferrous ions of Hb are oxidized to the ferric state by potassium 
ferricyanide to form methaemoglobin, which reacts with cyanide to 
form cyanomethaemoglobin that can be measured colorimetrically.  
Reagents         
The kit is composed of potassium phosphate 2.0 mmol, 
potassium ferricyande 0.6 mmol, potassium cyanide 0.9 mmol, and 
 sodium chloride 1.4 mmol. 5 ml of the above concentrated reagent 
were added to 245 ml of distilled water to form the working reagent.   
Procedure 
Equal volumes of 2.5 ml of the working reagent were added to 
test tubes defined as blank, sample and standard. Then 20 µl of blood 
sample were added to sample tube, while the standard tube received 
20 µl of standard Hb solution (14.6 g/dL). All tubes were allowed to 
stand for 15 min, and then read at 540 nm in a colorimeter (LAB- 
Tech, India ).  
Calculation:                                           
 
 
 
2.10. Leukocytic indices 
2.10.1 Total leukocyte count (TLC) 
The TLC was performed in improved Neubauer 
haemocytometer using Turk's solution as dilution fluid (glacial acetic 
acid 1 ml, 1% aqueous gentian violet 1 ml, and distilled water up to 
200 ml). 
The pipette was filled with blood to 0.5 mark, and then filled 
with diluting fluid to the 11 mark on the stem distal to the bulb. The 
dilution of blood obtained was 1:20. The improved Neubauer 
haemocytometer and cover-slip were cleaned and the cover was 
pressed on the surface of the haemocytometer. The diluted blood was 
mixed thoroughly and the counting chamber was filled carefully, and 
then the cells were allowed to settle. Using the microscope (Olympus 
– Japan), under low power (x10) objective, the number of leukocytes 
was counted in each of the 4 large corner squares. The TLC was 
                           O.D. sample 
Hb concentration (g/dL)   =                             X 14.6                
                                                          O.D. standard                          
 obtained by multiplying the number of cells counted by both the 
dilution factor and the volume factor. 
According to the ruling system of the haemocytometer, each 
large square has an area of 1mm2 and a depth of 0.1 mm, giving a 
volume of 0.1 mm3. Since 4 large squares were used for counting, the 
total volume was 0.4 mm3. Because the total volume used in counts is 
1 mm3, this volume was multiplied by 2.5.  
The TLC was obtained as follows: 
                           TLC (x103/µL) = N X 1/ 0.4 x20 
                              =N X 2.5 x 20 
                      =N X 50 
                                          where N= number of cells counted. 
 
2.11 Blood metabolites 
2.11.1 Plasma glucose concentration 
Plasma glucose level was determined by the enzymatic 
colorimetric method (Trinder, 1969) using a kit (Spinreact, Spain).  
Principle: 
The concentration of plasma glucose was determined by 
enzymatic oxidation in the presence of glucose oxidase (GOD). The 
hydrogen peroxide formed reacts, under catalysis, with phenol and  4-
aminophenazone to form a red-violet dye as indicator. 
 
Glucose + O2 + H2O   Glucose Oxidase     gluconic acid +. H2O   
 
Reagent: 
The reagent consists of 0.1 mmol/L of phosphate buffer (pH: 
7.0), 1.1 mmol of phenol, 0.77 mmol of 4-aminophenazone, 1.5 IU/L 
 glucose oxidase and 1.5 IU/L peroxidase. The standard was prepared 
by dissolving 100 mg of glucose in 100 ml of distilled water.  
Procedure: 
1.0 ml of the glucose reagent was added to each of 3 test tubes. 
10µL of plasma was added to one of the tubes to prepare sample tube, 
while 10µL of standard was added to the second tube to prepare 
standard tube, and the third tube was allowed without addition dilated 
water for the blank (1.0 ml reagent + 10 µl distilled water).The tubes 
were shaken well and kept for 15-20 min at room temperature. Then 
the optical density for the sample and standard was read at 540 nm 
using a colorimeter (LAB- Tech, India).  
 
Calculation: 
 
 
2.12.2 Intravenous glucose tolerance test (IVGTT) 
 
2.11.2 Intravenous glucose tolerance test (IVGTT) 
The glucose tolerance test in sheep was performed according to 
the method described by Kitchalong et al. (1995). The test consisted 
of intravenous administration of a bolus dose of glucose (500 mg of 
glucose/kg BW), following 16 hrs of feed and water deprivation. 
Blood samples were collected via the jugular vein at -15, 0, 15, 45, 75, 
and 240 min. relative to glucose administration. Blood samples were 
analyzed for plasma glucose concentration. 
Glucose clearance rates (K) were determined using the 
incremental plasma glucose concentration above the base line values 
                           O.D. sample 
Plasma glucose (mg/dL) =                                       X 100                                  
                          O.D. standard 
 between 15 (t1) and 45 (t2) min post-dosing using the following 
equation:  
 
k= [(In1-In2)/ (t2-t1)] X 100= percent/minute  
 
Where k is the fractional turnover rate (or clearance rate) of 
plasma glucose as calculated from the natural logarithm (In ) of their 
circulating concentrations between t1 and t2. The plasma half-life (T1/2) 
was calculated as:  
 
T1/2 (min) = (0.693/ k) X 100 = min 
Where T1/2 is the half-life (minutes) of plasma glucose and k is 
the calculated fractional turnover rate determined during t1 and t2. 
 
2.11.3 Serum total protein 
The concentration of serum total protein was determined by the 
Biuret reagent method as described by King and Wootton (1965). 
Principle: 
Copper in alkaline solution reacts with peptide bonds of amino 
acids in protein producing a violet colour.  
Biuret: NH2-CO-NH-CONH2  
One copper atom complexes with 4 molecules of Biuret, the 
linkage being to the central nitrogen atom, the shade of colour being 
different for different proteins. 
 
 
 
 
 Reagents: 
Biuret reagent (stock reagent): 
9.0 gm of sodium potassium tartrate were dissolved in 400 ml 
of 0.2 N NaOH. 3.0 g of copper sulphate (CuSO4.7H2O) were 
dissolved. Then 5.0 g of potassium iodide were added and the volume 
was made up to 1 litre with 0.2 N NaOH. 
Colour reagent: 
From the stock reagent, the test reagent was prepared by 
diluting 50 ml of stock reagent to 250 ml with 0.2 N NaOH solution 
containing 5.0 g of potassium iodide per litre. 
Procedure: 
The test solution was prepared by mixing 20 µl of serum with 
3.0 ml of Biuret reagent. The blank was prepared by adding 20 µl of 
distilled water to 3.0 ml of Biuret reagent, while the standard 
consisted of 20 µl of standard (6.0 g bovine albumin/100 ml distilled 
water) and 3.0 ml of Biuret reagent. The three tubes containing the 
blank, standard and test were mixed thoroughly and allowed to stand 
for 30 min at room temperature. The optical density (O.D.) was read 
at 540 nm using a spectrophotometer (Jenway-6305U.V./USA). 
 
 
Calculation: 
 
 
  
 
 
 
                                                       O.D. sample 
Serum total protein (g/dL) =                             X 6 
                                                   O.D. standard 
 
 2.11.4 Serum albumin 
Serum albumin concentration was determined by the 
colorimetric method of Doumas et al. (1971). 
Principle: 
This method depends on dye binding. Bromocresol green 
(BCG) is the best binding reagent that gives green colour with 
albumin at low pH (3.8-5.0). 
Reagents: 
0.174 g of BCG were dissolved in 25 ml of 0.1 sodium 
hydroxide and the volume was made up to 250 ml with distilled water. 
6.0 ml of BCG were added to 17.3 ml of 29.4% molar sodium citrate 
and 32.7 ml of 21% molar citric acid. The volume was made up to 1.0 
litre with distilled water and the pH was adjusted to 3.8. This 
constituted the buffer reagent. 
Procedure: 
4.0 ml of the colour reagent was used as a blank to adjust zero 
point. For the standard, 20 µl of standard solution (4.0 g bovine 
albumin/100 ml distilled water) was added to 4.0 ml of colour reagent. 
For the test, 20 µl of test sample (serum) was added to 4.0 ml of 
colour reagent. All the tubes were mixed well and the optical density 
(O.D.) was measured at 620 nm using a spectrophotometer (Jenway-
6105 U.V./USA).  
 
Calculation: 
                                         
 
 
 
                        O.D. sample 
Serum albumin (g/dL) =                                     X 4                           
                           O.D. standard 
 2.11.5 Serum total lipids 
The concentration of serum total lipids was determined 
according to the method described by Stein (1987). 
Principle  
Total lipids determination is based on the colour obtained by 
phosphovanillin (P V) after digestion of protein with concentrated 
sulphuric acid (H2SO4).  
Reagent: 
The reagent consists of vanillin, concentrated sulphuric acid, 
phosphovanillin. Concentrated sulphuric acid (400 ml) was added 
slowly to 100 ml of 0.6% vanillin solution in water with constant 
shaking. The standard was prepared by olive oil (1.0 g) dissolved in 
100 ml of absolute ethanol (stock standard). Working standard was 
prepared by 10 ml from the stock standard diluted 10 times to give 
100 mg/100 ml ethanol. 
Procedure: 
 Serum (0.2 ml) was digested with 2.0 ml of concentrated 
sulphuric acid in test tubes. The tubes were incubated for 10 min in a 
boiling water bath. The digest (0.1 ml) was added to 5.0 ml of 
phosphovanillin reagent, and the mixture incubated at 37ºC for 15 
min. The absorbance was read at 540 nm against the blank using a 
spectrophotometer (Jenway-6105 U.V./USA). 
 
 
Calculation       
 
 
 
                       O.D. sample 
Serum total lipids (mg/dL) =                                  X 100 
                           O.D. standard 
  
2.11.6 Serum cholesterol 
The concentration of serum cholesterol was determined by the 
enzymatic method using a kit (Spinreact, S.A., Spain) (Young and 
Friedman, 2001).  
Principle: 
The cholesterol present in the sample originates a coloured  
complex, according to the following reaction: 
 
Cholesterol esters+ H2O          CHE        Cholesterol + fatty acids 
 
     The ester is formed in the subsequent enzymatic oxidation of 
cholesterol by cholesterol oxidase (CHOD) 
 
Cholesterol + O2          CHOD                4-Cholestenona + H2O2      
     
The hydrogen peroxide formed reacts with phenol and 4-
aminophenazone by peroxidase(POD) to form a pink dye as indicator. 
 
2H2O2 +phenol + 4-Aminophenazone   POD      Quinonimine + 4H2O 
 
The intensity of the colour formed is proportional to the 
cholesterol concentration in the sample. 
Reagents: 
The working solution consists of 4-amino antipyrine 3.0 mmol, 
phenol 6.0 mmol/L, peroxides (POD) 0.5 U/ml, cholesterol oxidase 
(CHOD) 0.1 U/ml, cholesterol esterase (CHE) 0.15 U/ml and standard 
reagent 5.7 mmol/L. 
  
Procedure: 
The blank was prepared by mixing 10 µl of distilled water with 
1.0 ml of the reagent. For the test, 10 µl  of the plasma was added to 
1.0 ml of the reagent. The standard was prepared by mixing 10 µl of 
cholesterol standard (200 mg/dL) with 1 ml of the reagent. The 
contents of the tubes were mixed and incubated at 37ºC for 10 min. 
The optical dencity (O.D.) of the sample and standard were read at 
540 nm using a colorimeter (LAB- Tech India ). 
 
Calculation 
 
 
 
 
 
2.12.7 Serum creatinine  
Serum creatinine concentration was determined by the method 
described by Haeckel (1980). 
Principle:         
 Creatinine in alkaline solution reacts with picric acid to form a 
coloured complex. The amount of the complex formed is directly 
proportional to creatinine concentration. The effects of interfering 
substances are reduced using the kinetic procedure. 
Reagents: 
The working solution consists of: picric acid 8.73 mmol/L, 
sodium hydroxide: 312.5 mmol/L and disodium phosphate: 12.5 
mmol/L. The standard creatinine: 2.0 mg/dL.  
             O.D. sample                        O D. sample 
Serum cholesterol (mg/dL) =                                      X 200 
                         O.D. standard 
  
Procedure: 
1.0 ml of working solution was added to each of 3 test tubes; 
100 µL of serum was added to one of the tubes to prepare sample 
tube, while 100 µl of standard was added to the second tube to prepare 
standard tube, and the third tube was allowed without addition for 
blank tube. The tubes were shaken well and kept for 10 min at room 
temperature. Then the optical density (O.D.) for the sample and 
standard was read at 520 nm using a spectrophotometer (Jenway-6105 
U.V./USA). 
  
Calculation:  
 
 
 
 
 
2.12 Serum osmolality 
The osmolality of serum was determined by freezing point 
depression utilizing an osmometer (Cryoscopic osmometer: Osmomat 
030 D-10823, Berlin, Germany). 
The cryoscopic osmometer measures the freezing point 
depression to determine the total osmolality of aqueous solutions.The 
osmolality indicates the concentration of all osmotically active 
dissolved parts in the solvent. Since the freezing point depression is 
directly proportional to the dissolved, the osmometer measures the 
osmolality. 
 
                           O.D. sample 
Serum creatinine (mg/dL) =                                X 2.0 
                       O.D. standard 
  
 
2.13 Serum minerals 
2.13.1 Sodium (Na) 
The concentration of Na in serum was determined by the flame 
photometer technique described by Wootton (1974). 
Reagent: 
 A stock solution of NaCl (mEq/L) was prepared by dissolving 
0.634g of dry (Analar) NaCl in 500 ml of distilled water. A working 
standard solution was prepared by dilution of the stock standard with 
distilled and deionized water 1:50. The calibration curve for Na was 
constructed using dilutions of the standard solution to give 120, 130, 
140, 150, and 160 Na mEq/L concentration of Na solution. 
Procedure: 
A volume of 0.1 ml of serum was diluted with 9.9 ml of 
distilled and deionized water in a test tube. The zero reading was 
adjusted by distilled and deionized water and the high standard 
adjusted to the upper setting of 100 using the working standard 
solution. Then the standards and sample were measured using the 
flame photometer (Jenway- PFP7, England). Serum Na concentration 
was read from the standard curve. 
2.13.2 Potassium (K) 
The concentration of K in serum was determined by flame 
photometer technique described by Wootton (1974). 
Regent: 
A stock solution of K (mEq/L) in serum was prepared by 
dissolving 7.46 g of dry (Analar) KCl in one litre of distilled water. A 
working standard solution was prepared by dilutions of the stock 
 standard with distilled and deionized water 1:50. The calibration curve 
for K was constructed using dilutions of the standard solution to give 
2, 4, 6, and 8 K mEq/L concentration of K solution. 
Procedure: 
A volume of 0.1 ml of serum was diluted with 9.9 ml of 
distilled and deionized water in a test tube. The zero reading was 
adjusted by distilled and deionized water and the high standard 
adjusted to the upper setting of 100 using the standard work solution. 
Then the standards and sample were measured using the flame 
photometer (Jenaway PFP7, England). Serum K concentration was 
read from the standard curve. 
 
2.13.3 Magnesium (Mg) 
The concentration of Mg in serum was determined by 
colorimetric method using titan yellow reagent as described by Neill 
and Neely (1956). 
Principle: 
The method is based on the reaction of titan yellow with Mg 
ions to give a red colour. 
Reagents: 
Titan yellow stock solution 
For stock solution, 0.5 g of titan yellow was dissolved in 100 ml 
of distilled water. A working solution was prepared from the stock 
solution by dissolving 2.0 mg of stock solution in 100 ml of distilled 
water. 
Polyrinyl alcohol solution 
 1.0 g of polyrinyl alcohol was dissolved in 400 ml of distilled 
water using gentle heating, then cooling and the volume was made up 
to 1.0 litre with distilled water. 
Sodium hydroxide, NaOH (7.5%) 
15 g of NaOH were dissolved in 200 ml of distilled water. 
Standard stock solution 
8.358 g of analytical MgCl (Analar) was dissolved in 1 litre of 
distilled water. A working solution was prepared by diluting 1ml of 
standard stock solution with 100 ml of distilled water. 
 
Procedure: 
Tubes for sample and standard were prepared by placing 0.2 ml 
of serum and working standard in 2 test tubes, respectively. 3.0 ml of 
distilled water were placed in a test tube and used as blank. To all 
tubes, 0.5 ml of polyrinyl alcohol , 0.5 ml of working of titan yellow 
and 1.0 ml of 7.5% NaOH solution were added , and the tubes were 
allowed to stand for 5 min, then the optical densities (O.D. ) were read 
at 520 nm using a spectrophotometer (Jenway-6150 u. v .USA) . 
 
Calculation:      
 
                                   
 
 
 
 
 
 
                            O.D. sample 
Serum Mg concentration (mg/dL) =  X 2.5 
                                  O.D. standard 
 2.14 Serum cortisol  
The concentration of cortisol in serum was determined using 
Enzyme Radioimmunoassay (RIA) as described by Microwell Method 
(RK- 240 m China). 
Principle of the method: 
Antigen cortisol in the sample competes with horseradish 
peroxidase-cortisol (enzyme-labeled antigen) for binding into the 
limited number of anti-cortisol (antibody) sites miroplates (solid 
phase). After incubation, the bound/free separation is performed by a 
simple solid-phase washing.  
  The substrate solution A (H2O2) and substrate solution B 
(H2O2TMB) are added. After an appropriate time has elapsed for 
maximum colour development, the enzyme reaction is stopped and the 
absorbances are determined. The colour intensity is inversely 
proportional to the cortisol concentration in the sample. 
Contents of the kit: 
- Cortisol calibrator with different concentrations 0, 10, 50, 
150,500 ng/ml. 
- 1 vial of conjugate (cortisol-HRP conjugate). 
- Microplate coated with anti-cortisol-IgG. 
- 1 vial of substrate solution (H2O2TMB) 
- 1vial of stop solution (sulphuric acid 0.15 mol/L). 
 
Procedure:  
Serum samples were added by pipetting 20 µL to each well. 
Then 20 µL of calibrators were added to calibrator’s wells. 0.2 ml of 
conjugate was added to each well. Then the plate was covered and 
incubated at 37ºC for 1 hr. Then the plate was washed using distilled 
 water to remove the well contents. 0.1 ml of substrate solution was 
pipetted into each well and incubated for 15 min at room temperature 
in the dark. Solution was added by pipetting 0.1 ml to each well. The 
absorbance was read using gamma counter (Oakfield, UK). 
 
2.15 Serum insulin concentration 
The concentration of serum insulin was determined by 
radioimmunoassay (Midgley et al., 1969). 
 
Principle of the procedure: 
The radioimmunoassay (RIA) method is the best method; it 
depends upon the competition between labeled insulin and the insulin 
in the standard.  
After incubation for a fixed time, separation of bound from free 
is achieved by the PEG accelerated double-antibody procedure. The 
tubes are counted in a gamma counter (Oakfield, UK). The counts are 
inversely related to the amount of insulin bound. In the presence of 
varying known amounts of insulin standards, the concentration of 
insulin in unknown samples can be interpolated. 
 
Content of the kit  
- 1 vial: 1251-labeled insulin. 
- 6 vials:  insulin standard 5, 10, 20, 40, 80, and 160 µIU/ml.  
- 1 vial:  insulin antibody. 
- 1 vial:  buffers. 
- 1 vial:  separating agent solution. 
 
 
 Assay protocol: 
100 µL of buffer and unknown samples were added to one L 
prelabelled tubes; then 100 µL of the iodine-125 was placed into all 
tubes at 37ºC for 2 hrs. Then 100 µL of insulin antibody solution were 
placed in all tubes except the non-specific binding (NSB) tubes. 500 
µL of the separating reagent solution was placed in all tubes, mixed 
thoroughly and incubated at 37ºC for 15 min. All the tubes were 
centrifuged at 1500 r.p.m. for 15 min   and the supernatant of all tubes 
was decanted. Then insulin concentrations were counted by using 
gamma counter (Oakfield, UK). 
 
 2.16 Intravenous insulin challenge test (IVICT) 
The insulin challenge test in sheep was performed according to 
the method described by Kitchalong et al. (1995). The insulin 
challenge test consisted of intravenous administration of a bolus dose 
of human insulin (Novo Nordisk A/S Denmark) (0.1 IU/kg BW). 
Blood samples were collected via the jugular vein at -15, 0, 15, 45, 75, 
and 180 min relative to insulin administration. Plasma samples were 
analyzed for plasma insulin concentration. 
Insulin clearance rates (k) were determined using the 
incremental plasma insulin concentration above the base line values 
between 15 (t1) and 45 (t2) min post-dosing using the following 
equation:  
 
k= [(In1-In2)/ (t2-t1)] X 100= percent/minute  
where k is the fractional turnover rate (or clearance rate) of 
plasma insulin as calculated from the natural logarithms of their 
 concentration between t1 and t2. The plasma of half-life was calculated 
as:  
T1/2 = (0.693/ k) X 100 =(min).  
Where T1/2 is the half-life (minutes) of plasma insulin and K is 
the calculated fractional turnover rate determined during t1 and t2. 
 
2.17 General experimental plan 
The general experimental plan is outlined in Table 2. The 
details of the experimental procedures are presented in specific 
chapters. Two experiments were designed and conducted. In 
experiments 1, the effects of food and water deprivation on 
physiological responses of desert ewes were investigated. In 
experiment 2, the effect of exposure to solar radiation on 
physiological responses of desert rams were evaluated. The effects of 
supplemental chromium chloride hexahydrate on the responses of 
rams exposed to solar radiation were also assessed. 
 
2-18 Statistical Analysis 
The data obtained are presented as means ± standard deviations. 
The data were analyzed by analysis of variance (ANOVA) using the 
General Linear Models (GLM) procedure of SAS version (SAS 
Institute Inc., 1997). In experiment 1, the analysis of variance was 
used to evaluate the effect of food and water deprivation in ewes. In 
experiment 2, the analysis was performed to evaluate the effects of 
exposure to solar radiation and chromium supplementation in rams. 
The P values at are considered the significant levels. 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. General experimental plan 
 
 
 
 
 
 
  
Experimental 
period(days) 
 
Number of 
animals 
 
Parameters 
measured 
 
Experiment 1: The effect of food and water  
                         deprivation on 
                            physiological responses  
                            of desert ewes. 
 
14 
 
12 ewes 
 
Food intake, water intake, body weight (BW), 
rectal temperature (Tr), respiration rate (RR), 
(PCV, Hb, TLC, glucose concentration, serum 
total lipids, serum creatinine concentration, 
serum osmolality,  Na, Mg, serum cortisol 
concentration).   
 
Experiment 2: The effect of solar radiation  
                         and  chromium   
                          supplementation on  
                          physiological responses of  
                          desert rams. 
 
21 
 
12 rams 
 
Food intake, water intake, body weight (BW), 
rectal temperature (Tr), respiration rate (RR),  
(PCV, Hb, TLC, glucose concentration, 
IVGTT, serum total protein, serum albumin, 
serum total lipids, serum cholesterol, serum 
osmolality,  Na, K, serum insulin 
concentration, IVICT).    
  
 
CHAPTER THREE 
EFFECTS OF WATER AND FOOD DEPRIVATION ON 
PHYSIOLOGICAL RESPONSES OF DESERT EWES 
3.1 Introduction 
In Sudan, desert sheep are reared mainly under tropical 
conditions. This demands adaptation to large circadian environmental 
temperature fluctuations and recurrent periods of food and water 
shortage (Olsson, 2005).The productivity of sheep in the arid and 
semi-arid regions is limited by factors which include  scarcity of water 
and sparse vegetation of poor quality in the dry period (King, 1983). 
The water scarcity is much more severe during dry season; 
consequently animals must travel long distances in search of feed and 
water. Furthermore, sheep may be exposed to relative dehydration and 
starvation during transport and pre-slaughter conditions (Phillips et 
al., 1991; Hogan et al., 2007). Marked body weight and metabolic 
changes were noted during a 48-72 hr feed and water deprivation 
period in calve (Cole, 1988). Generally, water deprivation is 
considered as a significant stressor in the marketing process for 
ruminants (Atkinson, 1992; Parker et al., 2004). 
The state of body hydration may influence heat balance of 
sheep. The rectal temperature was elevated in animals on increasing 
the watering interval (Marai et al., 2007). Water deprivation in sheep 
was associated with lowered respiratory rate, elevation of plasma 
osmolality and decrease in urine output and excretion of dry faeces 
(Silanikove, 2000). Water deprivation adversely influences the 
reproductive performance of ewes. The rates of abortion and 
 stillbirths, as well as lamb mortality rate, increased as ewes are 
deprived of drinking-water (Aganga, 1992).Limited feed resources 
can decrease reproductive efficiency to an extent dependent on the 
degree of nutritional stress (Mackey et al., 2000).  Feed withdrawal 
during the luteal phase of the oestrous cycle increased serum 
concentrations of progesterone and evoked endocrine changes that 
could perturb the subsequent oestrous cycle (Kiyma et al., 2004). The 
objective of this experiment was to evaluate the physiological 
responses of desert ewes to food and water deprivation during tropical 
summer conditions.  
3.2 Experimental procedure 
 Twelve mature non-gestating and non-lactating ewes aged 2.0 - 
2.5 years, with an average body weight (BW) of 25.0 ± 0.25 kg were 
used to study the effect of water and food deprivation during summer. 
Before commencement of proper experimental measurements, the 
animals were kept for an adaptation period of 7 days in the animals’ 
pens and were offered lucerne hay and tap water ad libitum. Then the 
animals were assigned randomly to three groups of 4 each. Group A 
served as control (CTRL) and was allowed lucerne hay and tap water 
ad libitum, group B was allowed free access to food and deprived of 
water (WD), while group C was deprived of food and water (FWD). 
This protocol was continued for 3 consecutive days. Thereafter, all 
experimental groups were allowed free access to food and water and 
the responses to realimentation were monitored. 
During the experimental period, the animals were housed 
individually in shaded pens and for each animal, the daily food and 
water intake was measured. Also the BW of ewes was determined at 
the end of the adaptation period, three days after imposing 
 experimental treatments, and three days after realimentation of treated 
groups. The rectal temperature (Tr) and respiration rate (RR) and heart 
rate (HR) were measured daily at 8.00 a.m. Blood samples were 
collected from each ewe at 9:00 a.m. before imposing experimental 
treatments, after three days of imposing treatments and three days 
following realimentation.          
 
3.3 Results 
The climatic conditions prevailing during experimental period 
are presented in Table 3.1. The results of the effects of experimental 
treatments on BW, thermoregulation and blood constituents are 
presented as means ± S.D.  
3.3.1 Food intake 
Table 3.2 shows the results of the effects of experimental 
treatments on food intake (kg/day). In the water deprived group 
(WD), the food intake was significantly decreased (P≤0.01) 
compared with the CTRL. In WD group, the food intake was 
significantly decreased in days 1 and 2 (P≤0.01). Following 
realimentation, in the first day, the food intake was significantly 
(P≤0.001) lower in WD and FWD group compared with CTRL. 
3.3.2 Water intake 
Table 3.3 shows the results of the effects of experimental 
treatments on water intake. The water intake after 3 days of WD and 
FWD was significantly higher (P≤0.001) compared to their normal 
control values. In the first day following realimentation, water intake 
was significantly (P≤0.001) higher in WD and FWD groups compared 
with the CTRL group value.  
 
  
 
 
Table 3.1. The mean values of ambient temperature (Ta), mean 
                     relative humidity (RH) and temperature-humidity index  
                   (THI) during the experimental period (July, 2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ta (°C) 
 
 
 
 
 
       R H (%) 
 
  (Mean) 
 
 
 
THI 
 
Max. 
 
Min 
 
Mean 
 
 
1 45.2 26.0 35.6 15.0 
 
77.81 
2 42.9 28.0 35.5 23.0 79.23 
3 43.5 26.0 34.8 22.0 78.50 
4 37.3 27.0 32.2 42.0 79.09 
5 39.5 27.0 33.3 32.0 78.70 
6 43.2 28.0 35.6 25.0 80.09 
7 43.5 25.0 34.3 22.0 78.01 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.3.3 Body weight (BW)     
  Table 3.4 shows the results of the effects of water and food 
deprivation in desert ewes on BW. On the third day, compared to the 
respective normal control values, the BW decreased significantly in 
WD group   (P≤0.01) and FWD group (P≤0.05) accounting for 11.3 
and 15.9% of their mean initial BW, respectively. However, (on the 
third day) the treated groups had significantly (P≤0.05) lower BW 
compared to the CTRL group. The ewes regained all the BW loss 
within three days following free access to food and water at the end of 
deprivation period.  
3.3.4 Rectal Temperature (Tr) 
Table 3.5 shows the results of the effects of water and food 
deprivation on Tr. For the CTRL group, there were no significant 
changes in Tr values measured at 8.00 a.m. and also for values 
measured at 2.00 p.m. The diurnal change in Tr did not attain the level 
of significance in the CTRL group. For the WD group, the 8.00 a.m. 
value of Tr was significantly (P≤0.05) higher on day 3. However, the 
2.00 p.m. value was significantly (P≤0.05) higher on days 3. There 
was a significant (P≤0.01) diurnal increase in Tr in day 3. For the 
FWD group, the 8.00 a.m. value of Tr was significantly (P≤0.05) 
lower on days 1 and 3. However, the 2.00 p.m. value of Tr was 
slightly higher in day 3 compared to day 1. For this group, there was 
significant (P≤0.05) diurnal increase in Tr in days 1 and 3. When 
treated groups (WD and FWD) were compared with the CTRL group, 
it was evident that the two groups had significantly (P≤0.01) higher Tr 
value at 2.00 p.m. in day 3. However, Tr was higher for WD 
compared to FWD.     
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
3.3.5 Respiration rate (RR) 
Table 3.6 shows the results of the effects of water and food 
deprivation on RR. For the CTRL group, there was no significant 
change in 8.00 a.m. values of RR; also there was no significant 
change for 2.00 p.m. values. However, there was a significant 
(P≤0.05) diurnal increase in RR, in days 1 and 3. For the WD group, 
compared to the 8.00 a.m. control values, there was significant 
(P≤0.05) decrease on the third day of water deprivation. However, 
there was no significant change in RR values measured at 2.00 p.m. 
The diurnal change in RR was more pronounced in day 3 compared 
to days 1 of water deprivation. For the FWD group, the 8.00 am 
values indicated that there was significant (P≤0.05) decrease in RR 
in the third day. Also the RR value at 2.00 pm decreased significantly 
(P≤0.05) between days 1 and 3 of deprivation. The diurnal change in 
RR was significant (P≤0.05) only in day 3 of deprivation. When WD 
and FWD groups were compared to the control (CTRL) group, the 
former had significantly lower values of RR at 2.00 pm in day 1 
(P≤0.05) and in day 3 (P≤0.01). 
 
 
 
 
 
 
 
 
 
  
                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
3.3.6 Heart rate (HR) 
Table 3.7 shows the results of the effects of water and food 
deprivation on HR. For the control group, there was no significant 
change in HR during the experimental period. For WD group, the HR 
was significantly (P≤0.05) lower only at 8.00 am on day 3 compared 
to its control value. For FWD group, HR was significantly (P≤0.05) 
higher at 8.00 am and 2.00 pm on days 1 and 3 of deprivation of food 
and water. When comparing the treated groups (WD and FWD) to the 
control group (CTRL), it is evident that the HR was significantly 
(P≤0.05) higher with FWD at 8.00 am and at 2.00 pm on day 3.  
3.3.7 Packed cells volume (PCV)                                                                              
Table 3.8 shows the results of the effects of water and food 
deprivation on PCV. The PCV level was significantly (P≤0.05) higher 
with WD and FWD when compared with control group on day 3 of 
the experimental period. 
 3.3.8 Haemoglobin concentration (Hb)    
For the control (CTRL) group, there was no significant change 
in Hb concentration during the experimental period. For WD group, 
Hb concentration was higher on the third day of water deprivation. 
Also it was significantly (P≤0.01) lower compared to control values 
on realimentation. For FWD group, Hb concentration was 
significantly (P≤0.05) higher compared to the control group on the 
third day of treatment, and it decreased significantly (P≤0.05) on 
realimentation. When comparing the WD and FWD groups with 
CTRL group, it is evident that Hb concentration was significantly 
(P≤0.05) higher with both treatments. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.3.9 Total leukocyte count (TLC) 
Table 3.10 shows that the experimental treatments had no 
significant effect on TLC during the experimental period. 
3.3.11 Plasma glucose  
Table 3.11 shows the effects of water and food deprivation on 
plasma glucose concentration. For WD group, the glucose level was 
significantly (P≤0.01) higher on day 3 of water deprivation compared 
to the control. For FWD group, the glucose level was significantly 
(P≤0.05) higher on days 1 and 3. The treated groups had significantly 
(P≤0.01) higher glucose level compared to the CTRL group on day 3 
of the treatments.   
3.3.12 Serum minerals 
3.12.1 Sodium (Na) 
Table 3.12 shows the effects of water and food deprivation on 
serum Na level. For WD group, there was no significant difference in 
serum Na level during the course of the experiment. For FWD group, 
there was significant (P≤0.05) increase in Na level in days 1and 3. 
When comparing treated groups with control group, it is evident that 
both treated groups had significantly (P≤0.01) higher Na level in day 
3.   
3.12.2 Magnesium (Mg) 
  Table 3.13 shows that the experimental treatments had no 
significant effect on serum Mg level.  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.13 Serum total lipids 
Table 3.14 shows the results of the effects of water and food 
deprivation on serum total lipids concentration. For WD group, the 
total lipid level was significantly (P≤0.01) higher on   the third day of 
treatment. For FWD group, there was significant (P≤0.05) increase in 
serum total lipids level on the third day of treatment. When 
comparing treated groups with CTRL group, it is evident that both  
groups had significantly (P≤0.05) higher serum total lipids 
concentration on the third day of treatment.  
3.3.14 Serum creatinine  
Table 3.15 shows the effects of water and food deprivation on 
serum creatinine concentration. When comparing treated groups with 
CTRL group, it is evident that both treated groups had significantly 
(P≤0.05) higher creatinine level on the third day of treatments. 
3.3.15 Serum osmolality  
Table 3.16 shows the effects of water and food deprivation on 
serum osmolality. For WD group, there was a significantly (P≤0.01) 
Phigher osmolality in the third day of treatment, and the normal value 
was recovered on day 3 of realimentation. For WFD group, there was 
significant (P≤0.01) increase in serum osmolality on day 3 of 
treatment and the normal was not recovered on the third day of 
realimentation. When comparing treated groups with CTRL group, it 
is evident that both treated groups had significantly (P≤0.01) higher 
serum osmolality on the third day of treatment. 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 
 
  
3.3.16 Serum cortisol  
Table 3.17 shows the effects of water and food deprivation on 
serum cortisol level. For WD group, there was significantly (P≤0.01) 
higher serum cortisol level on the third day of treatment and the 
normal value was recovered on day 3 of realimentation. For FWD 
group, there was significant (P≤0.05) increase in serum cortisol level 
on the third day of treatment and it decreased to normal value on day 
3 of realimentation. When comparing treated groups with control 
group, it is evident that both treated groups had significantly 
(P≤0.05) higher serum cortisol level on day 3.  
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3.4 Discussion 
In this experiment, the effects of water deprivation (WD) and 
food and water deprivation (FWD) on physiological responses were 
investigated in desert breed ewes.  
In water-deprived ewes, the food intake on the third day was 
only 3% of the normal level of intake (Table 3.2).This response 
could be associated with the observed increase in serum osmolality 
(Table 3.16). Water deprivation caused marked increase in serum 
osmolality that led to inhibition of ventromedial hypothalamic region 
of food intake in sheep (Maloiy et al., 2008). Also hypertonicity has 
been proposed to be a major control of food intake in ruminants 
(Burgos et al., 2000).  The decrease in food intake is considered as an 
adaptation mechanism to reduce water expenditure associated with 
feed utilization and heat dissipation in sheep (Stockman, 2006). The 
reduction in food intake during water deprivation can be viewed as 
an adaptive measure employed by animals inhabiting desert and arid 
areas for conserving body water (Hassan, 1989). Fluharty et al. 
(1996) noted that a water medium is needed for both the physical 
softening and the biochemical digestion of feed. An adequate supply 
of water could therefore aid the breakdown of food and hence 
facilitate the fermentation and digestion processes. Furthermore, the 
numbers of rumen bacteria and protozoa tend to decrease following 
water deprivation. The decrease in food intake of water deprived 
ewes agrees with previous studies in which decrease in food intake 
was observed in sheep deprived of food intake and water intake for 3 
days (Cole, 2000).  
Following rehydration, the food intake increased significantly 
with WD group than FWD compared with the control. During 
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realimenation in day 1, the mean water intake was higher in WD 
group than FWD group compared with CTRL (Table 3.3). Water 
intake depends on the degree of BW loss as well as the volume of the 
rumen which could accommodate the volume of water ingested on 
rehydration. The rumen is known to be a water reservoir that can store 
a large volume of water taken in at the end of dehydration period 
(Silanikove, 1994). Awassi and Najdi sheep satisfied their water needs 
quite rapidly (Alamer and Al-hozab, 2003). Schmidt Nielsen (1964) 
reported that dehydrated sheep can take large amounts of water 
rapidly when rehydrated. Dorper sheep were able to restore the entire 
BW loss immediately following watering that terminated 4 days of 
dehydration (Degen and Kam, 1992).  
The BW of ewes decreased by 11.3% with water deprivation 
and by 15.9% with food and water deprivation (Table 3.4). Loss of 
BW associated with WD and FWD can be attributed to reduction in 
food and water intakes together with loss of total body water. A 
similar trend was obtained in sheep watered every 3 days (Farid et al., 
1989) and in water restricted desert rams, loss in BW amounted to 
14% in 3 days (Abdelatif and Ahmed, 1994). The ewes regained all of 
their BW loss within 3 days following free access to water and food 
after realimintation. 
The results indicate that the rectal temperature (Tr) was 
significantly higher with WD than FWD (Table 3.5). Increased Tr 
during dehydration contributes to water conservation by reducing 
evaporative water losses. Hyperthermia is a mechanism that allows 
animals inhabiting extremely hot regions with shortage of water to 
avoid excessive water expenditure by evaporative cooling during the 
hot part of the day before dissipating it at night time by sensible 
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avenues of heat loss. This response is attributed to the changes in 
water balance and metabolism that influenced body core temperature. 
Water deprivation reduced thermoregulatory evaporation and 
therefore allowed body temperature to be elevated presumably to 
enforce the water conservation mechanism (Simon et al., 1986). 
Dehdration-induced hyperthermia is an upward shift of body 
temperature, associated with water deficit (Mitchell et al., 2002). For 
all experimental groups, an increase in radiant heat gain during the 
afternoon increased body heat.  
The respiration rate (RR) was significantly lower with FWD 
than WD in the afternoon in day 1 and in the morning and afternoon in 
day 3 when compared with CTRL (Table 3.6). The decline in RR is 
likely to be related to decrease in metabolic rate and reduced 
requirement for evaporative cooling. Respiratory water loss is one of 
the avenues which has been implicated in water conservation 
mechanism during water shortage (Ismail et al., 1996). This pattern 
indicates that depressed metabolism may help desert sheep to maintain 
body water through reduction of pulmonary ventilation. Lowering of 
the metabolic activity is usually associated with reduction in oxygen 
requirements and hence ventilation and respiration are reduced 
(Kataria and Kataria, 2006). A similar trend was noted with water 
restriction in desert rams (Abdelatif and Ahmed, 1994).  
The heart rate (HR) was decreased significantly in WD group 
and increased significantly with FWD (Table 3.7).  The increase in 
peripheral blood flow during FWD requires compensatory actions to 
avoid a fall in arterial blood pressure that results from the breakdown 
of cardiovascular homeostasis during stress. The HR was shown to be 
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influenced by metabolizable energy intake in cattle (Brosh et al., 
1998).  
The results indicate that the increase in PCV was higher with 
FWD than WD when compared with control (Table 3.8). The increase 
in PCV levels is related mainly to haemoconcentration as a 
consequence of decrease in plasma volume. Blood as well as plasma 
volumes were reduced during water lack in goat (Maltz et al., 1984; 
Ismail et al., 1996). An increase in PCV during water deprivation was 
reported previously for sheep (Purohit et al., 1972; Turner, 1979; 
Cole, 2000).  
The results indicate that the increase in Hb concentration was 
higher with FWD than WD when compared with CTRL value (Table 
3.9). The increase in Hb levels is related mainly to 
haemoconcentration as a consequence of decrease in plasma volume. 
Water deprivation caused an increase in the Hb of Awassi sheep 
(Laden et al., 1987; Jaber et al., 2004) and Merino sheep (Macfarlane 
et al., 1961). In contrast, Hb concentration was significantly lower 
with water deprivation in Yankasa sheep (Aganga et al., 1989a; 
Igbokwe, 1993). 
In the present study, both WD and FWD had no significant 
effect on total leukocyte count (TLC) (Table 3.10). However, 
Swenson (1993) reported that an increase in TLC could be associated 
with release of catechlamines which stimulate splenic contraction and 
increased leukocytes.  
The results showed an increase in plasma glucose level with 
WD and FWD compared with the CTRL group (Table 3.11). The 
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plasma glucose level is affected by stress hormones; cortisol facilitates 
the conversion of protein to glucose (gluconeogenesis). In camles, 
water deprivation induced a higher plasma glucose level that was 
explained partially by a significant decrease in plasma insulin (Yagil 
and Berlyne, 1977). The increase in glucose level with food and water 
deprivation could also be related to insulin deficiency (Kiyma et al., 
2004). A similar increase in glucose following water restriction was 
reported in Marwari sheep (Kataria and Kataria, 2006). However, a 
reduction in plasma glucose concentration during water restriction was 
previously reported in desert rams (Abdaltif and Ahmed, 1994) and in 
sheep (Assad and El sheriff, 2002). 
In the present study, serum Na concentration was increased 
significantly by WD and FWD (Table 3.12). Water deprived animals 
could not dilute the plasma Na and excrete it by increasing the GFR. 
Nevertheless, dehydrated sheep may develop natriuresis (Macfarlane 
et al., 1961; Mckinley et al., 1983; Gäbel and Martens, 1991). Sheep 
water-deprived for 3 days had higher plasma Na concentration 
compared with sheep that had access to water (Parker et al., 2003). In 
contrast, serum Na was decreased in sheep during food deprivation 
(Cole, 2000). Water deprivation was shown to be associated with 
reduction in food intake and negative Na balance (McKinley et al., 
1983). This resulted in water deprived animals becoming Na depleted 
as well as water deficient. Previous studies indicated that decrease in 
food intake was not the cause of the natriuresis in water deprived 
sheep (Cole, 1995; Basheir et al., 2009). 
Serum concentration of total lipids increased significantly with 
WD and FWD when compared with the CTRL group (Table 3.14). 
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This response is presumably related to haemoconcentration. The 
increase in total lipids could also be associated with increase in serum 
cortisol which mobilizes lipids from adipose tissue and increases 
ketone-body formation in the liver (Raphael et al., 1973; Nazifi et al., 
2002).  
The serum creatinine level increased significantly in WD and 
FWD compared with control group (Table 3.15). Increased creatinine 
levels during dehydration could be related to decrease in urine output. 
The reported increase in cortisol level (Table 3.17), through muscle 
wasting, could be implicated in increased serum creatinine during 
dehydration (Kataria and Kataria, 2006). In Awassi sheep, serum 
creatinine increased with water deprivation for 5 days (Laden et al., 
1987). However, Abd El-atif et al. (1997) reported a moderate 
increase in serum creatinine level following 3 days of water restriction 
in sheep. Swenson (1993) indicated that increased creatinine 
concentration may be associated with dehydration. Therefore, the rise 
in serum creatinine could be related to the maintenance of renal 
function at a lower level, which consequently reduces the clearance 
rate of serum creatinine (Choshniak et al., 1984; Alamer and Al-
hozab, 2003).  
Serum osmolality increased significantly with both FWD and 
WD (Table 3.16).The rise in osmolality could be associated with the 
reported increase in serum Na level (Table 3.12). The increase in 
serum osmolality during water restriction could also be related to 
haemoconcentration and increase in plasma colloid osmotic pressure. 
An increase in serum osmolality was observed with water restriction 
in sheep (Degen, 1977; Laden et al., 1987; El-Nouty et al., 1990). A 
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similar pattern has been reported in sheep watered every 24, 48, 72 hr 
(Aganga et al., 1989a; Abdelatif and Ahmed, 1994). The observed rise 
in plasma osmolality during water restriction many contribute largely 
to the maintenance of plasma volume by encouraging water 
movement from the interstitial fluid into the vascular system (Laden et 
al., 1987; Alamer and Al-hozab, 2003). 
The results indicate that serum cortisol level increased with WD 
than FWD when compared with CTRL (Table 3.17). According to 
Reid and Mills (1962), the nutritional stress of fasting leads to 
stimulation of adrenal cortical activity. However, cortisol has a short-
term response (period of hours) after which it returns to normal levels 
(Christison and Johnson, 1972; Abdelatif and Ahmed, 1994). Water 
deprivation induced an increase in plasma cortisol level after 60 hours 
in sheep (Parker et al., 2004). Blair-West et al. (1972) demonstrated a 
significant increase in plasma cortisol level in sheep after 9 days water 
restriction. Kataria and Kataria (2006) reported that water restricted 
sheep had increased serum cortisol. Christison and Johnson (1972) 
studies in water-restricted cows indicated that cortisol level was 
stabilized at a lower level. Finberg et al. (1978) and Parker et al. 
(2003) indicated that water deprivation is a stressor that can activate 
the hypothalamus-pituitary-adrenal axis (HPA) and elevate plasma 
cortisol. There was progressive depression of the morning values of 
plasma cortisol level during water restriction in desert rams (Abdelatif 
and Ahmed, 1994). 
 
 
 
 
71 
 
3.5 Summary  
1. Desert ewes were used to study the effects of water deprivation   (WD) 
or food and water deprivation (FWD) for 3 days and realimentation 
during tropical summer conditions on physiological responces. 
2. The mean BW of ewes decreased significantly with WD (11.3%) and 
FWD (15.9%). The ewes regained all the BW loss within three days 
following access to food and water at the end of deprivation period. 
3. The rectal temperature (Tr) was significantly higher with WD than 
FWD in the afternoon. 
4. The afternoon values of respiration rate (RR) were significantly lower 
with FWD than WD. 
5. The PCV and Hb concentration were significantly higher after 3 days 
with FWD than WD. The normal value was recovered on day 3 of 
realimentation. 
6. Both treatments in duced an increase in plasma glucose level that     
was more marked with FWD than WD. 
7. Serum Na level was significantly higher after 3 days of FWD and 
    WD. 
8. Serum total lipids and creatinine levels were significantly increased     
    by FWD and WD. 
9. Serum osmolality was increased significantly with FWD and WD. The 
normal value was recovered on day 3 of realimentation. 
10. Serum cortisol level was significantly higher with WD and FWD.     
The normal value was recovered on day 3 of realimentation.  
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CHAPTER FOUR 
EFFECTS OF EXPOSURE TO SOLAR RADIATION AND 
CHROMIUM SUPPLEMENTATION ON PHYSIOLOGICAL 
RESPONSES OF DESERT RAMS 
4.1. Introduction 
Under tropical conditions, high ambient temperatures and direct 
and indirect solar radiation are main environmental stressing factors 
that impose strain on animals (Finch, 1986; Silanikove, 2000). The 
severity of heat load depends largely on the intensity of radiation 
(Igono et al., 1992; Muller et al., 1994; Stockman, 2006). Summer 
heat load causes a reduction in feed and energy intake and 
consequently induces a decline in productivity in cattle (Blackshaw 
and Blackshaw, 1994; Brosh et al., 1998). Hot climate may induce a 
rise in body temperature and respiration rate which increases energy 
requirements for maintenance (Sevi et al., 2001).  
Sheep flocks are exposed to solar radiation under grazing 
conditions. Furthermore, these animals may be exposed to heat stress 
when transported from the production areas in western Sudan to 
consumption centres.  Sheep may also experience climatic stress when 
kept in yards under pre-slaughter conditions or maintained in large 
numbers for quarantine measures and vaccination before 
transportation to Port-Sudan to be shipped to the Gulf States.  
Transportation of livestock is a multifactorial stressor associated with 
environmental and nutritional factors (Kilgour and De Langen, 1970; 
Schaefer et al., 1990). Stress in ruminants may be alleviated by dietary 
manipulation and the use of micronutrients. Chromium (Cr) 
supplementation has been recently adopted in several studies. Positive 
performance responses to supplemental Cr have been limited to 
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experiments in which the animals were under metabolic or 
physiological stress (Chang and Mowat, 1992; Moonsie-Shageer and 
Mowat, 1993; Yang et al., 1996). The effects of supplemental Cr on 
glucose tolerance or other measures of carbohydrate metabolism in 
weaned, growing and adult ruminants have been variable (Kegley et 
al., 1997). Besong et al. (2001) reported that Cr supplementation may 
alter systemic lipid metabolism. Other studies reported that Cr 
supplementation increased serum total protein, albumin and insulin in 
cows (Pechova et al., 2002). Chang and Mowat (1992) reported that 
supplemental Cr decreases serum cortisol and improves immune 
response in calves. It has been indicated that dietary Cr 
supplementation may influence the intermediary metabolism and 
endocrine status of ruminant animals (Sano et al., 2000). Cr-
supplementation was reported to promote growth and nutrient 
utilization in goats (Paul et al., 2005).  
Current literature indicates that Cr is usually suboptimal in the 
diet and Cr requirement is strongly influenced by stress (Lindemann et 
al., 1994; Kegley and Spears, 1995). The main objective of this 
experiment was to evaluate the physiological responses of desert rams 
on exposure to solar radiation. Also it was intended to assess the 
effects of   supplemental Cr in alleviating stress under tropical 
summer conditions.  
4.2 Experimental procedure  
Twelve rams, aged about 12 months with an initial mean body 
weight of 25.91±0.53 kg were used in the study. Animals were 
maintained in shaded pens and provided lucerne hay and water ad 
libitum during an adaptation period of one week. The animals were 
screened for internal and external parasites before the experiment. The 
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animals were randomly assigned to two groups of 6 each. Groups A 
served as control and were kept under shade, while group B were 
exposed to direct solar radiation for 7 days. The rectal temperature 
(Tr), respiration rate (RR) and heart rate (HR) were measured daily at 
8.00 a.m. and 2.00 p.m. Blood samples were collected from each ram 
at 9:00 a.m. This constituted phase 1 of the experiment. In phase 2, 
rams were offered Lucerne hay (Control) and supplemented with 0.2 
mg/kg BW. as chromium chloride hexahydrate (CrCl3.6H2O, molecular 
weight 52).  The dose was thoroughly mixed with 100 g of ground 
sorghum (grain)  for a period of 21 days following exposure to solar 
radiation. The climatic conditions during the experimental period are 
shown in Table 4.1.  
 
4.3 Results 
4.3.1 Body weight (BW) 
Table 4.2 shows that exposure to solar radiation decreased 
significantly (P≤0.05) the BW of unshaded rams on day 7 when 
compared with the shaded group. Table 4.3 shows that the BW of 
rams was not affected significantly by Cr supplementation.  
4.3.2 Rectal temperature (Tr)  
Table 4.4 shows the results of the effects of exposure to solar 
radiation on Tr of rams at 8.00 am. Tr was significantly (P≤0.05) 
higher in exposed group in days 2, 4 and 5. Table 4.5 shows the 
results of the effects of exposure to solar radiation on Tr of rams at 
2.00 pm. The data indicate that Tr was significantly higher in 
unshaded group of rams compared to the shaded group. Table 4.6 
shows that Cr supplementation did not influence Tr of rams 
significantly. 
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Table 4.1. The ambient temperature (Ta), relative humidity (RH) and  
                    computed value of temperature humidity index (THI) prevailing 
                   during the experimental period (June, July, 2007). Days 0-7 solar                                 
                    radiation; 8-21 chromium supplementation 
 
 
 
. 
 
 
 
 
 
 
 
 
  
 
 
(Days) 
 
 
 
 
   Ta  (°C) 
 
 
 
 
        RH (%) 
  
 
(Mean) 
 
 
THI 
 
  
Max. 
 
Min. 
 
    Mean 
 
 0 
41.0 26.0 34.5 40 
     
   81.47 
Phase 1 1 42.6 30.5 26.5 50 73.19 
 2 41.2 28.0 34.6 40 81.59 
 3 40.8 30.0 35.4 55 85.60 
 4 41.2 29.5 35.3 58 85.78 
 5 44.2 23.0 33.7 49 81.92 
 6 41.3 27.5 34.4 54 83.86 
 7 43.0 26.0 34.5 40 81.46 
Phase 2 8 42.1 28.5 35.3 44 83.15 
 9 42.0 28.8 35.4 61 86.29 
 10 41.3 29.2 35.3 62 86.53 
 11 42.2 21.5 31.8 29 76.43 
 12 42.2 27.0 34.6 49 83.03 
 13 38.0 22.0 30.0 20 73.40 
 14 39.0 25.5 29.8 54 77.95 
 15 34.2 25.5 33.3 77 86.17 
 16 39.8 27.0 33.4 49 81.54 
 17 35.5 25.0 30.2 67 80.12 
 18 39.0 25.5 32.2 54 81.01 
 19 34.2 25.5 29.9 77 81.09 
 20 37.7 25.0 31.4 60 80.89 
 21 32.0 23.5 27.7 73 77.33 
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Table 4.2. Effects of exposure to solar radiation on the mean body weight,   
                    BW (Kg) of rams.   
 
                                                 (n=6; mean ± S.D) 
 
 
 
           Mean values within the same row bearing similar superscripts (small letter)  
are not significantly different. 
 
           Mean values within the same column bearing different superscripts (capital 
           letter) are significantly different. 
     
           *P≤0.05, ns Not significant. 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.54 
 
0.41ns A25.41±0.53a A25.37±0.69a 
 
0 
 
0.31 
 
1.15ns A25.30±0.78 a A25.33±0.37a 
 
1 
 
0.03 
 
6.92* A 24.05±0.71b A26.01±0.44a 
 
7 
 
 
 
  
10.62* 
 
0.02 
 
1.01ns 
 
0.21 
 
 
F value 
 
P value 
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Table 4.3. Effects of chromium supplementation on body weight, BW (Kg) of rams. 
                                                           
                                                           (n=6; mean ± SD) 
 
 
 
Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different.    
 Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
  ns Not significant. 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.15 
 
2.40ns A25.16±0.98a 
 
A25.91±0.44a 
 
1 
 
0.36 
 
0.93ns A26.21±0.53a 
 
A25.35±0.55a 
 
2 
 
0.21 
 
1.79ns A26.33±0.40a 
 
A26.00±0.47a 
 
3 
   
2.22ns 
 
1.21ns 
 
F value 
   
0.14 
 
0.35 
 
P value 
78 
 
 
 
Table 4.4. Effects of exposure to solar radiation on rectal temperature, Tr (ºC) of  
        rams at 8.00 a.m.                              
                                                  
                                                  (n=6; mean ± SD). 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different.  
*  P≤0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
  Unshaded 
 
   Shaded 
 
Days 
 
0.47 
 
0.56ns 
 
A39.36±0.51a 
 
A39.16±0.29a 
 
0 
 
0.58 
 
0.05ns 
 
A38.85±0.41a 
 
A38.98±0.32a 
 
1 
 
0.84 
 
0.04ns 
 
A39.93±0.17a 
 
A38.90±0.33a 
 
2 
 
0.03 
 
6.14* 
 
A39.21±0.23a 
 
A38.20±0.14b 
 
3 
 
0.33 
 
0.02ns 
 
A38.93±0.35a 
 
A38.48±0.86a 
 
4 
 
0.32 
 
0.42ns 
 
A40.03±1.68a 
 
A39.16±0.33a 
 
5 
 
0.69 
 
0.16ns 
 
A39.31±0.74a 
 
A39.18±0.21a 
 
6 
 
0.31 
 
1.12ns 
 
A39.38±0.55a 
 
A39.10±0.21a 
 
7 
 
 
 
 
 
     0.63ns 
 
0.75 
 
        1.36ns 
 
0.24 
 
   F value 
 
P value 
79 
 
 
 
 
 
Table 4.5. Effects of exposure to solar radiation on rectal temperature, Tr (ºC)  
                 of rams at 2.00 p.m.                                
                                              (n=6; mean ± S.D). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
** P≤0.01, * P≤0.05, ns Not significant 
 
 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.37 
 
0.52 
 
0.04 
 
0.56ns 
 
0.15ns 
 
8.83* 
 
A39.96±0.55a 
 
A38.75±0.41a 
 
BC39.68±0.15a 
 
A39.46±0.39a 
 
A38.38±0.32a 
 
A39.31±0.22b 
 
0 
 
1 
 
2 
 
0.15 
 
2.45ns C39.56±0.21a 
 
A39.33±0.25a 
 
3 
 
0.03 
 
5.39* A40.08±0.24a 
 
A39.43±0.24b 
 
4 
 
0.02 
 
8.93* A40.11±0.49a 
 
A39.40±0.20b 
 
5 
 
0.31 
 
0.81 
 
       1.16ns  
 
       1.23ns 
A39.95±0.44a 
 
A39.97 ± 0.48a 
 
12.41** 
 
0.01 
 
A39.63±0.48a 
 
A39.44 ± 0.18a 
 
0.20ns 
 
0.11 
 
6 
 
7 
 
F value 
 
P value 
80 
 
 
 
 
Table 4.6. Effects of chromium supplementation on rectal temperature, Tr (ºC)                                  
                  of rams at 8.00 a.m. 
                                
                                                          (n=6; mean ± S.D)  
 
 
Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different. 
 Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
         
 ns Not significant.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
 
Control 
 
weeks 
 
0.93 
 
0.01ns A39.15±0.23a 
 
A39.13±0.32a 
 
1 
 
0.85 
 
0.04ns A38.86±0.17a 
 
A38.90±0.33a 
 
2 
 
0.11 
 
3.17ns A39.01±0.15a 
 
A39.13±0.04a 
 
3 
   
     2.71ns 
 
1.16ns 
 
F value 
   
    0.09 
 
0.34 
 
P value 
81 
 
4.3.3 Respiration rate (RR) 
Table 4.7 shows the results of the effects of exposure to solar 
radiation on RR at 8.00 am. RR was significantly higher in unshaded 
rams in days 2, 3 (P≤0.05) and 5 (P≤0.01), compared with shaded 
values. Table 4.8 shows that at 2.00 p.m RR was significantly 
(P≤0.001) higher in unshaded group of rams throughout the 
experimental period. Table 4.9 indicates that Cr supplementation did 
not affect RR significantly in rams. 
4.3.4 Heart rate (HR) 
Table 4.10 shows that exposure to solar radiation had no 
significant effect on HR values measured at 8.00 a.m. Table 4.11 
shows that for measurements obtained at 2.00 p.m., HR was 
significantly higher in exposed animals on days 1 (P≤0.01) and 
(P≤0.05) in days 2,3,5 and 7.  Table 4.12 shows that Cr 
supplementation had no significant effect on HR of rams during the 
course of the experiment.  
 
4.3.5 Packed cell volume (PCV)  
Table 4.13 shows that rams exposed to solar radiation had 
significantly (P≤0.05) lower PCV on day 7. Table 4.14 shows that Cr 
supplemented had no significant effect on PCV. However, Cr 
supplementation increased the PCV significantly when comparing the 
values obtained at week 3 to the values obtained in weeks 1 and 2. 
 
 
 
 
 
 
 
82 
 
 
 
 Table 4.7. Effects of exposure to solar radiation on respiration rate, RR    
                  (breaths/min) of rams at 8.00 a.m.  
                                                        
                                                   (n=6; mean ± S.D) 
 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
*P≤0.05, ** P≤0.01, ns Not significant. 
 
 
 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.20 
 
1.86ns 
 
ED31.33±2.49a 
 
A31.67±3.59a 
 
0 
 
0.16 
 
2.35ns 
 
AB35.33±2.74a 
 
A32.67±2.74a 
 
1 
 
0.04 
 
5.29* 
 
AB36.33±2.74a 
 
A33.66±0.33b 
 
2 
 
0.02 
 
7.35* BC34.66±1.49a 
 
A30.66±1.74b 
 
3 
 
0.20 
 
1.80ns 
 
BC34.66±1.88a 
 
A32.66±1.86a 
 
4 
 
0.01 
 
12.31** 
 
A37.66±2.19a 
 
A32.83±2.47b 
 
5 
 
0.66 
 
0.20ns 
 
EC32.70±1.88a 
 
A33.33±1.88a 
 
6 
 
0.17 
 
2.14ns 
 
CD30.33±1.79a 
 
A30.66±3.59a 
 
7 
 
 
 
 
 
 
5.83* 
0.02 
 
 
1.12ns 
0.15 
 
 
F value 
P value 
83 
 
 
 
Table 4.8. Effects of exposure to solar radiation on respiration rate, RR  
                  (breaths/min) of rams at 2.00 p.m.  
                                              
                                        (n=6; mean ± S.D) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different.  
** * P≤0.001 ns Not significant. 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.001 
 
0.001 
 
0.001 
 
60.56*** 
 
54.55*** 
 
64.51*** 
A55.18±0.17a 
 
A63.18±3.77a 
 
A53.68±3.77a 
A32.01±0.26b 
 
A35.41±0.32b 
 
A34.31±0.22b 
 
0 
 
1 
 
2 
 
0.001 
 
182.06*** A55.67±2.92a A34.66±0.25b 
 
3 
 
0.001 
 
86.43*** A53.08±3.00a A34.67±0.21b 
 
4 
 
0.001 
 
93.75*** A56.30±3.26a A35.33±3.26b 
 
5 
 
0.001 
 
0.001 
 
116.71*** 
 
67.31*** 
 A56.33±0.34a 
 
A54.70±2.01a 
 
 
1.25ns 
0.51 
A34.70±2.01b 
 
A35.30± 0.22b 
 
 
0.61ns 
         0.11 
 
6 
 
7 
 
 
F value 
  P value 
84 
 
 
 
 
 
 
Table 4.9. Effects of chromium supplementation on respiration rate, RR 
                  (breaths/min) of rams at 8.00 a.m.  
.                                 
                                                    
                                                        (n=6; mean ± S.D) 
 
 
 
Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different. 
 
 Mean values within the same column bearing similar superscripts (capital  letter) 
are not significantly different. 
 
     ns Not significant     
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.20 
 
1.86ns A31.33±2.49a 
 
A28.66±3.59a 
 
1 
 
0.18 
 
2.11ns A32.66±3.59a 
 
A30.00±2.00a 
 
2 
 
0.72 
 
0.14ns A32.66±2.74a 
 
0.33ns 
 
0.72 
 
A31.33±2.74a 
 
1.60ns 
 
0.24 
 
3 
 
F value 
 
P value 
85 
 
 
Table 4.10 Effect of exposure to solar radiation on heart rate, HR (beats/min) 
                   of rams at 8.00 a.m. 
                                                    (n=6; mean± SD) 
 
Mean values within the same row bearing similar superscripts are not significantly 
different. 
 
Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
  
ns Not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.90 
 
0.03ns 
 
A58.66±4.26a 
 
A59.33±4.10a 
 
0 
 
0.69 
 
0.16ns 
 
A59.33±2.74a 
 
A59.66±2.92a 
 
1 
 
0.79 
 
0.07ns 
 
A58.33±2.42a 
 
A58.50±3.64a 
 
2 
 
1.00 
 
0.00ns 
 
A61.33±1.88a 
 
A60.66±2.74a 
 
3 
 
0.82 
 
0.06ns 
 
A 61.33±1.49a 
 
A60.33±2.00a 
 
4 
 
0.40 
 
0.77ns 
 
A 62.66±1.79a 
 
A60.66±2.74a 
  
5 
 
0.64 
 
0.17ns 
 
A60.33±1.78a 
 
A59.67±1.79a 
  
6 
 
0.73 
 
0.03ns 
 
A61.33±1.49a 
 
A60.66±0.94a 
   
7 
 
 
 
 
 
 
0.98ns 
 
0.46 
 
 
0.26ns 
 
0.97 
  
 
F value 
 
P value 
86 
 
Table 4.11. Effects of exposure to solar radiation on heart rate, HR (beats/min)  
                    of rams at 2.00 p.m. 
 
                                               
                                           (n=6; mean ± S.D) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
Mean values within the same column bearing similar superscripts (capital 
letter) are not significantly different.  
 
*P≤0.05, **  P≤0.01, ns Not significant. 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.02 
 
0.01 
 
0.004 
 
8.01* 
 
12.25** 
 
13.00** 
A64.63±0.55a 
 
A68.33±0.21a 
 
A62.33±0.15a 
 
A58.05±0.02b 
 
A60.06±0.15b 
 
A58.31±0.22b 
 
0 
 
       1 
 
2 
 
0.03 
 
6.25* A63.33±0.21a 
 
A60.16±0.25b 
 
3 
 
0.02 
 
8.01* A64.63±0.55a 
 
A58.05±0.24a 
 
4 
 
0.03 
 
6.64* A64.30±0.49a 
 
A60.66±0.20b 
 
5 
 
0.07 
 
0.02 
 
4.00ns  
 
8.01* 
A63.63±0.44a 
 
A62.31±0.38a 
 
 
0.40ns 
 
0.12 
 
A60.91±0.48a 
 
A58.41±0.48a 
 
  
0.35ns 
 
0.21 
 
       6 
   
7 
 
 
F value 
 
P value 
87 
 
 
 
 
 
 
 
 
Table 4.12. Effects of chromium supplementation on heart rate, HR           
                    (beats/min) of rams at 8.00 a.m. 
                         
                                                                (n=6; mean ± S.D) 
 
 
Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different. 
 
Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different.  
 
ns Not significant.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.74 
 
0.11ns A60.33±2.42a 
 
A59.66±3.72a 
 
1 
 
0.69 
 
0.16ns A59.00±2.23a 
 
A59.66±2.92a 
 
2 
 
0.22 
 
1.75ns A60.00±2.00a 
 
A59.16±3.48a 
 
3 
   
0.49ns 
 
0.41ns 
 
F value 
   
0.63 
 
0.67 
 
P value 
88 
 
 
 
 
 
 
 
 
Table 4.13. Effects of exposure to solar radiation on packed cell volume, PCV (%)                       
                 of rams.                                     
                                                    (n=6; mean ± S.D) 
 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
 
*P≤0.05,  ns Not significant. 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.27 
 
1.36ns A27.33±1.37a 
 
A26.50±0.50a 
 
0 
 
0.45 
 
0.62ns A26.66±1.76a 
 
A26.16±0.68a 
 
1 
 
0.04 
 
5.71* B25.50±1.49b 
 
A27.83±1.46a 
 
7 
 
 
 
 
 
7.12* 
 
0.03 
 
0.16ns 
 
0.21 
 
F value 
 
P value 
89 
 
 
 
 
 
 
 
 
 
Table 4.14. Effects of chromium supplementation on packed cell  
                   volume, PCV (%) of rams.  
                   
                                        (n=6; mean ± S.D) 
 
Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different. 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different. 
 
   * p≤0.05, ns Not significant. 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.21 
 
1.80ns B26.66±0.98a 
 
A28.33±0.44a 
 
1 
 
0.09 
 
3.64ns B28.66±0.53a 
 
A28.16±0.55a 
 
2 
 
0.93 
 
0.01ns A29.40±0.40a 
 
A29.33±0.47a 
 
3 
   
9.77* 
 
0.24ns 
 
F value 
   
0.04 
 
0.11 
 
P value 
90 
 
 
4.3.6 Haemoglobin concentration (Hb) 
Table 4.15 shows the effect of solar radiation on Hb 
concentration. There was no significant change in Hb concentration 
related to exposure of rams to solar radiation compared to shaded 
rams. However, for unshaded rams there was significant (P≤0.05) 
decrease in Hb concentration at day 7.  Table 4.16 shows that Cr 
supplementation had no significant effect on Hb concentration during 
the course of the experiment. 
4.3.7 Total leukocyte count (TLC) 
Table 4.17 shows that the TLC was significantly (P≤0.05) 
lower in the group exposed to solar radiation when compared to the 
shaded control at day 7. For the unshaded rams, there was significant 
(P≤0.05) decrease in TLC at day 7 compared to initial values. Table 
4.18 shows that Cr supplementation was associated with significant 
(P≤0.01) decrease in TLC in the second and third week.  
4.3.8 Plasma glucose  
Table 4.19 shows that the plasma glucose level was 
significantly (P≤0.05) higher in exposed rams compared to the control 
group at day 7. Table 4.20 shows that Cr supplementation was 
associated with a significant (P≤0.05) decrease in plasma glucose 
level in the third week. The Cr supplemented group of rams showed a 
significant (P≤0.05) decrease in glucose level in the third week 
compared to values obtained in weeks 1 and 2.  
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Table 4.15. Effects of exposure to solar radiation on haemoglobin concentration,  
                  Hb (g/dL) of rams.                      
                                                               (n=6; mean ± S.D) 
 
Mean values within the same row bearing similar superscripts are not statistically 
different. 
 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
 
* P≤0.05, ns Not significant 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.61 
 
0.28ns A10.08±0.92a 
 
A10.15±0.64a 
 
0 
 
0.14 
 
2.50ns A10.12±0.53a 
 
A9.78±0.53a 
 
1 
 
0.12 
 
2.96ns B8.95±0.68a 
 
A9.03±0.25a 
 
7 
 
 
 
 
 
7.96* 
 
0.02 
 
1.23ns 
 
0.21 
 
F value 
 
P value 
92 
 
 
 
 
 
Table 4.16. Effects of chromium supplementation on haemoglobin           
                   concentration, Hb (g/dL) of rams.                                   
  
                                               (n=6; mean ± S.D) 
 
 
Mean values within the same row bearing similar superscripts (small letter) are 
not statistically different. 
 
Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
  
ns Not significant. 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.13 
 
2.75ns A8.95±0.25a 
 
A8.53±0.74a 
 
1 
 
0.46 
 
0.59ns A8.78±0.34a 
 
A8.16±0.34a 
 
2 
 
0.90 
 
0.02ns A8.38±0.18a 
 
A8.46±0.23a 
 
3 
   
0.91ns 
 
0.81ns 
 
F value 
   
0.11 
 
0.01 
 
P value 
93 
 
 
 
 
 
 
 
Table 4.17.Effects of exposure to solar radiation on total leukocyte count, TLC  
                   (x103/µL) of rams. 
 
                                       
                                                              (n=6; mean ± S.D) 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing different superscripts (capital letter) 
are  significantly different. 
  
* P≤0.05,  ns Not significant. 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.47 
 
0.57ns A7.23±67.79a 
 
A7.20±18.41a 
 
0 
 
0.32 
 
0.21ns B6.97±33.12a 
 
A7.25±35.87a 
 
1 
 
0.02 
 
7.50* B6.76±67.47a 
 
A8.03±76.11b 
 
7 
 
 
 
 
 
5.48* 
 
0.03 
 
2.40ns 
 
0.61 
 
F value 
 
P value 
94 
 
 
 
 
 
 
  
 
 
Table 4.18. Effects of chromium supplementation on total leukocyte count, 
                     TLC(x103/µL) of rams                                  
                                                   
                                                            (n=6; mean ± S.D)  
 
 
 
 Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
   
**P≤0.01, ns Not significant. 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.11 
 
1.21ns A5.94±1.57a 
 
A6.76±2.42a 
 
1 
 
0.01 
 
10.44** A6.16±1.57b 
 
A7.17±1.37a 
 
2 
 
0.01 
 
12.22** A6.08±1.52b 
 
A7.45±1.49a 
 
3 
   
1.20ns 
 
1.24ns 
 
F value 
   
0.33 
 
0.32 
 
P value 
95 
 
 
 
 
 
 
 
 
 
 
Table 4.19. Effects of exposure to solar radiation on plasma glucose      
                   concentrations (mg/dL) of rams. 
                                        
                                                          (n=6; mean ± S.D) 
 
 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
 Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
 
* P≤0.05, ** P≤0.01, ns Not significant. 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.20 
 
0.07ns C52.89±2.89a 
 
A53.53±4.96a 
 
0 
 
0.40 
 
0.43ns B55.95±2.13a 
 
A54.16±1.51a 
 
1 
 
0.03 
 
6.15* A59.20±1.97a 
 
A54.23±1.88b 
 
7 
 
0.59 
 
 
 
14.16** 
 
0.01 
 
1.99ns 
 
0.31 
 
F value 
 
P value 
96 
 
 
 
 
 
 
 
 
 
 
 
Table 4.20. Effects of chromium supplementation on plasma    glucose  
  
                   concentration (mg/dL) in rams.                                 
                          
                                               (n=6; mean ± S.D) 
 
 
 Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different. 
 
  *p≤0.05, ns Not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.99 
 
0.00ns A52.05±3.93a 
 
A53.03±1.64a 
 
1 
 
0.15 
 
2.49ns A51.78±4.43a 
 
A55.40±4.80a 
 
2 
 
0.03 
 
6.60* B48.93±2.78b 
 
A52.78±5.29a 
 
3 
   
6.41* 
 
0.65ns 
 
F value 
   
0.02 
 
0.35 
 
P value 
97 
 
4.3.9 Intravenous glucose tolerance test (IVGTT)  
The data illustrated in the Figure 1 indicate in both groups of 
rams, the peak values were obtained at 15 min after injection. 
However, the Cr treated group of rams maintained lower glucose 
level. In both groups, the plasma glucose level returned to basal level 
225 min after infusion of glucose. Table 4.21 shows the effect of 
chromium supplementation on IVGTT in rams exposed to solar 
radiation.  
4.3.10 Serum total protein  
Table 4.22 shows that the exposed rams had significantly 
(P≤0.01) lower serum total protein level when compared with 
protected group at day 7. The unshaded group had significantly 
(P≤0.05) lower total protein level at day 7 compared to values at day 1 
and day 14. Table 4.23 shows that the concentration of serum total 
protein was not significantly affected by Cr supplementation. 
 
4.3.11 Serum albumin  
Table 4.24 shows that the concentration of albumin was 
significantly (P≤0.05) lower in the exposed group when compared 
with protected group at day 7 compared to initial values. The 
unshaded group had lower serum albumin level at day 7. Table 4.25 
shows that the concentration of serum albumin was higher in Cr 
supplemented group of rams. 
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Fig.1. Effects of chromium supplementation on glucose tolerance test in desert   
rams kept under solar radiation. 
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Table 4.21. Effects of chromium (CrCl3.6H2O) supplementation on plasma  
                   glucose during  intravenous glucose tolerance test (IVGTT).                                             
                                                                       
                                                                      (n=2). 
 
 
 
 
 
 
   
 
 
Glucose concentration (mg/dL) 
 
Control 
 
Chromium   
 
Basal level (Time 0 minute) 
 
4.15 
 
3.05 
 
15 minute (post infusion) 
 
14.76 
 
10.87 
 
45 minute (post infusion) 
 
8.93 
 
8.04 
 
Clearance rate (K% per minute) 
 
19.4 
 
9.40 
 
Half life(T1/2; minute)  
 
3.57 
 
7.37 
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Table 4.22. Effects of exposure to solar radiation on serum total  
                   protein concentration (g/dL) in rams. 
                                                              (n=6; mean ± S.D)  
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
 
*P≤0.05, ** P≤0.01, ns Not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.95 
 
0.00ns A7.49±1.14a 
 
A7.53±1.98a 
 
0 
 
0.23 
 
1.61ns A7.09±1.83a 
 
A7.44±2.49a 
 
1 
 
0.01 
 
8.74** B6.65±0.37b 
 
A7.49±0.70a 
 
7 
 
 
 
  
5.67* 
 
0.02 
 
 
0.54ns 
 
0.31 
 
 
F value 
 
P value 
101 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.23. Effects of chromium supplementation on serum total  
                   protein concentration  (g/dL) in rams. 
                       
                                                     (n=6; mean ± S.D) 
  
 
 Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different. 
    
Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
 
        ns Not significant  
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
weeks 
 
0.68 
 
0.18ns A6.91±0.57a 
 
A7.08±0.67a 
 
1 
 
0.70 
 
0.15ns A7.12±1.3a 
 
A6.95±0.73a 
 
2 
 
0.29 
 
1.22ns A7.38±0.57a 
 
A7.06±0.83a 
 
3 
   
0.90ns 
 
1.24ns 
 
F value 
   
0.43 
 
0.32 
 
P value 
102 
 
 
 
 
 
 
 
Table 4.24. Effects of exposure to solar radiation on serum albumin concentration  
                     (g/dL) in rams.                                                                                
                                                     (n=6; mean ± S.D) 
 
 
   Mean values within the same row bearing different superscripts (small letter)      
    are significantly different. 
 
    Mean values within the same column bearing different superscripts (capital 
      letter) are significantly different. 
 
      * P≤0.05, ** P≤0.01, ns Not significant. 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.47 
 
0.54ns A3.80±1.17a 
 
A3.88±2.00a 
 
0 
 
0.39 
 
0.02ns A3.84±1.86a 
 
A3.87±2.49a 
 
1 
 
0.03 
 
5.56* B3.01±0.27b 
 
A4.01±0.29a 
 
7 
 
 
 
  
8.47** 
 
0.01 
 
 
0.50ns 
 
0.41 
 
 
   F value 
 
 P value 
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Table 4.25. Effects of chromium supplementation on serum albumin  
                   concentration (g/dL) in rams.                                                                         
                                                            (n=6; mean ± S.D) 
 
 
 
 
 
 Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different. 
 
 Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
 
    ns Not significant..  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.41 
 
0.74ns A3.66±0.33a 
 
A3.51±0.23a 
 
1 
 
0.67 
 
0.19ns A3.69±0.79a 
 
A3.49±0.27a 
 
2 
 
0.19 
 
1.93ns A3.81±0.33a 
 
A3.64±0.71a 
 
3 
   
1.69ns 
 
2.30ns 
 
F value 
   
0.22 
 
0.14 
 
P value 
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4.3.12 Serum total lipids  
Table 4.26 shows that the serum total lipids level was 
significantly (P≤0.05) higher in rams exposed to solar radiation when 
compared with the protected group at day 7. For unshaded group of 
rams, serum total lipid was significantly (P≤0.05) higher at day 7 
compared to initial values. Table 4.27 shows that the concentration of 
serum total lipids decreased significantly in weeks 2 (P≤0.01) and 3 
(P≤0.05) in Cr supplemented group. 
4.3.13 Serum cholesterol 
Table 4.28 shows that serum cholesterol level was significantly 
(P≤0.05) higher in exposed group when compared with the protected 
group at day 7. For the unshaded group, the cholesterol level was 
significantly (P≤0.05) higher at day 7. The cholesterol level was 
significantly (P≤0.05) lower in Cr supplemented group compared to 
the control group in week 3 (Table 4.29).  
4.3.14 Serum osmolality  
Table 4.30 indicates that the osmolality was significantly 
(P≤0.05) lower in exposed group of rams compared to the protected 
group at day 7. In the unshaded group day 7 value was significantly 
(P≤0.01) lower compared to values at days 0 and 1. Cr 
supplementation had no significant effect on serum osmolality (Table 
4.31).  
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Table 4.26. Effects of exposure to solar radiation on the concentration of  
                    serum total lipids (mg/dL) of  rams.           
                                                        
                                                    (n=6; mean ± S.D) 
 
 
Mean values within the same row bearing different superscripts (small letter 
significantly different.    
 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
 
        *P≤0.05, ns Not significant. 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.31 
 
1.14ns B151.37±13.62a 
 
A149.73±22.7a 
 
0 
 
0.56 
 
0.35ns B152.36±23.22a 
 
A148.63±13.62a 
 
1 
 
0.02 
 
5.76* A155.09±11.24a 
 
A148.21±18.45b 
 
7 
 
 
 
  
8.48* 
 
0.03 
 
 
0.40ns 
 
0.61 
 
 
Fvalue 
 
P value 
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Table 4.27. Effects of chromium supplementation on concentration of serum 
                        total lipids (mg/dL) in rams.                           
                                                
                                                           (n=6; mean ± S.D) 
 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
  Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
 
         * p≤0.05, ** p≤0.01, ns Not significant.   
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.09 
 
2.44ns A169.10±7.29a A168.22±16.45a 
 
1 
 
0.01 
 
9.73** A164.84±15.9b A169.29±17.23a 
 
2 
 
0.03 
 
6.74* A165.26±9.56b A168.47±11.95a 
 
3 
   
0.35ns 
 
2.17ns 
 
F value 
   
0.71 
 
0.15 
 
P value 
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Table 4.28. Effects of exposure to solar radiation on serum cholesterol  
                   concentration (mg/dL) in  rams.                      
 
                                                         (n=6; mean ± S.D) 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
 
* P≤0.05, ns Not significant. 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.26 
 
1.37ns B92.51±3.7a 
 
A96.23±6.08a 
 
0 
 
0.59 
 
0.31ns B93.75±6.07a 
 
A91.28±8.93a 
 
1 
 
0.05 
 
5.00* A96.22±4.3a 
 
A91.8±6.04b 
 
7 
 
 
 
  
5.93* 
 
0.02 
 
 
1.47ns 
 
0.11 
 
 
F value 
 
P value 
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Table 4.29. Effects of chromium supplementation on serum                            
                   cholesterol concentration (mg/dl) in rams. 
                         
                                               (n=6; mean ± S.D) 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different.  
 
*  p≤0.05, ns Not significant. 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.59 
 
0.29ns A73.06±3.62a 
 
A73.35±3.85a 
 
1 
 
0.15 
 
1.22ns A70.66±4.71a 
 
A71.66±8.97a 
 
2 
 
0.03 
 
6.77* A70.00±5.77b 
 
A73.33±4.71a 
 
3 
   
1.93ns 
 
0.72ns 
 
F value 
   
0.18 
 
0.50 
 
P value 
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Table 4.30. Effects of exposure to solar radiation on serum osmolality  
                  (mOsmol/kg) in rams. 
                                   
                                                         (n=6; mean± S.D) 
 
 
Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different. 
* P≤0.05, ** P≤0.01, ns Not significant. 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.93 
 
0.01ns A291.33±8.23a 
 
A292.66±5.12a 
 
0 
 
0.65 
 
0.22ns A292.83±7.16a 
 
A293.33±10.98a 
 
1 
 
0.05 
 
4.79* B285.83±7.29b 
 
A292.76±5.81a 
 
7 
 
 
 
  
7.29** 
 
0.01 
 
 
2.85ns 
 
0.31 
 
 
F value 
 
P value 
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Table 4.31.  Effects of chromium supplementation on serum osmolality    
                  (mOsmol/kg) in rams.                            
                                          
                                                          (n=6; mean ± S.D) 
 
 
 
Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different. 
 
Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different. 
  
ns Not significant  
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
1.00 
 
0.00ns A292.66±5.58a 
 
A294.83±3.57a 
 
1 
 
0.78 
 
0.08ns A296.51±2.81a 
 
A297.66±8.82a 
 
2 
 
0.87 
 
0.03ns A293.50±3.04a 
 
A294.16±2.47a 
 
3 
   
1.26ns 
 
1.31ns 
 
F value 
   
0.31 
 
0.30 
 
P value 
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4.3.15 Serum minerals 
4.3.15.1 Sodium (Na) 
Table 4.32 indicates that there was no significant difference in 
Na level between unshaded and shaded groups. However, for the 
unshaded group, there was significantly (P≤0.01) lower Na level at 
day 7 compared to the initial values. Cr supplementation had no 
significant influence on Na level (Table 4.33). 
 4.3.15.2 Potassium (K)  
There was no significant difference in serum K level between 
protected and exposed group (Table 4.34). For the exposed group, the 
K level was significantly (P≤0.05) lower at day 7 compared to initial 
values.  The K level was significantly (P≤0.05) higher in weeks 2 and 
3 in Cr supplemented group when compared to the control (Table 
4.35).The Cr supplemented group had significantly (P≤0.05) higher K 
level at week 3 compared to values obtained in weeks 1 and 2. 
4.3.16 Serum insulin 
Table 4.36 shows the results of the effects of Cr 
supplementation on serum insulin level. The insulin level was 
significantly higher in Cr treated group compared to the control in 
weeks 2 (P<0.05) and 3 (P<0.01). For the Cr treated group, week 3 
insulin level was significantly (P≤0.01) higher compared to the value 
measured at week 2. 
4.3.17 Intravenous insulin challenge test (IVICT)  
Table 4.37 shows the effect of Cr supplementation on IVICT in 
rams exposed to solar radiation. Cr supplemented rams had 
significantly higher insulin level in week 2 (P<0.05) and week 3 
(P<0.01). The data also indicate that for the Cr supplemented rams, 
the insulin level was significantly (P<0.01) higher in week 3 
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compared to week 2 value. Fig. 2 shows that the Cr supplemented 
group maintained lower plasma glucose level. In both groups, control 
and Cr supplemented groups of rams, insulin injection resulted in 
lower of plasma glucose level, the minimum level was measured at 
105 min post injection. Thereafter, for both groups the glucose level 
increased to attain their initial levels after 195 min post injection.  
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Table 4. 32. Effects of exposure to solar radiation on serum sodium (Na) 
                    concentration (mEq/L) in rams.                                      
                                                      (n=6; mean ± S.D)  
 
 
Mean values within the same column bearing different superscripts (small letter) are 
significantly different. 
 
Mean values within the same row bearing different superscripts (capital letter) are 
significantly different.  
 
**  P≤0.01, ns Not significant 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.14 
 
2.02ns A150.98±1.54a 
 
A149.54±2.68a 
 
0 
 
0.27 
 
1.35ns A152.24±1.64a 
 
A150.04±2.68a 
 
1 
 
0.55 
 
0.39ns C142.63±4.76a 
 
A148.67±4.30a 
 
7 
 
 
 
 
 
19.21** 
 
0.01 
 
0.50ns 
 
0.31 
 
F value 
 
P value 
114 
 
 
 
 
 
Table 4.33. Effects of chromium supplementation on serum sodium (Na)                                           
                    concentration (mEq/L) in rams.                                     
                                                        (n=6; mean ± S.D) 
 
         
         Mean values within the same row bearing similar superscripts (small letter) are 
not significantly different. 
 
         Mean values within the same column bearing similar superscripts (capital letter) 
are not significantly different.  
 
              ns Not significant 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
Weeks 
 
0.61 
 
0.28ns A146.42±3.58a 
 
A145.33±2.85a 
 
1 
 
0.19 
 
1.94ns A149.08±7.10a 
 
A144.33±2.77a 
 
2 
 
0.29 
 
1.29ns A144.43±3.69a 
 
A142.89±3.52a 
 
3 
   
1.16ns 
 
1.33ns 
 
F value 
   
0.34 
 
0.29 
 
P value 
115 
 
 
 
 
 
Table 4.34.  Effects of exposure to solar radiation on serum potassium (K)        
                    concentration (mEq/L) in rams. 
                                            
                                                     (n=6; mean ± S.D)  
 
Mean values within the same row bearing similar superscripts (small letter) are not 
significantly different. 
Mean values within the same column bearing different superscripts (capital letter) are 
significantly different.  
*  P≤0.05, ns Not significant   
 
 
 
 
 
 
P value 
 
F value 
 
Unshaded 
 
Shaded 
 
Days 
 
0.16 
 
2.35ns A4.73±0.15a 
 
A4.86±0.13a 
 
0 
 
0.17 
 
2.13ns A4.81±0.23a 
 
A4.95±0.09a 
 
1 
 
0.85 
 
0.04ns B4.08±0.21a 
 
A4.11±1.37a 
 
7 
 
 
 
 
 
6.25 * 
 
0.03 
 
1.75ns 
 
0.31 
 
F value 
 
P value 
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Table 4.35. Effects of chromium supplementation on serum potassium (K) 
                    concentration (mEq/L) in rams.                                         
  
                                                              (n=6; mean ± S.D) 
 
  Mean values within the same row bearing different superscripts (small letter) are 
significantly different. 
 
 Mean values within the same column bearing different superscripts (capital letter) 
are significantly different.  
 
     * p≤0.05, ns Not significant.   
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
weeks 
 
0.47 
 
0.57ns B4.29±0.29a 
 
A4.41±0.21a 
 
1 
 
0.02 
 
7.42* B4.70±0.21a 
 
A4.30±0.30b 
 
2 
 
0.04 
 
9.24* A5.04±0.13a 
 
A4.25±0.25b 
 
3 
   
7.32* 
 
0.27ns 
 
F value 
   
0.02 
 
0.77 
 
P value 
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Table 4.36. Effects of chromium supplementation on serum insulin  
                   concentration (µIU/ml) of rams. 
 
                                                    (n=6; mean ± S.D) 
 
  
 Mean values within the same row bearing similar superscripts (small letter) are 
significantly different. 
 
Mean values within the same column bearing different superscripts (capital letter) 
are significantly different. 
 
*p≤0.05, **p≤0.01, ns Not significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
P value 
 
F value 
 
Chromium  
 
Control 
 
weeks 
 
0.03 
 
4.18* B22.09±1.63a A21.11±1.05b 
 
2 
 
0.01 
 
10.79** A25.55±1.47a A21.29±0.53b 
 
3 
   
8.40** 
 
2.50ns 
 
F value 
   
0.01 
 
0.12 
 
P value 
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Table  4.37.  Effects of chromium (CrCl3.6H2O) supplemented and insulin  
                    challenge test (IVICT) on serum insulin of rams. 
                                                            
                                                                 (n=3) 
 
 
Insulin µIU/ml  
 
Control 
 
Chromium  
 
Basal level(Time 0 minute) 
 
17.37 
 
24.49 
 
45 mint (post infusion) 
 
24.18 
 
42.26 
 
Clearance rate (K% per minute) 
 
15.13 
 
39.48 
 
Half life (T1/2; minute) 
 
4.58 
 
1.75 
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Figure.2. Effect of intravenous insulin challenge test (0.1 IU/kg BW) on plasma  
                   glucose level in desert rams exposed to solar radiation.                                                     
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4.4 Discussion  
In this experiment, the goal was to determine the effects of 
exposure to direct solar radiation and Cr supplementation on 
thermoregulation and blood constituents in desert rams.  
The shaded rams gained weights slightly (2.5%) while the 
unshaded group lost weight (5.3%) on day 7 of the treatment. 
Supplementation of Cr had no significant affect on body weights 
(BW) of rams (Tables 4, 2 and 4, 3).  The loss in BW in exposed rams 
could be associated with decline in food intake. Previous studies 
reported a depressive effect of high ambient temperature on food 
intake of sheep (Marai et al., 2007). The decline in BW of exposed 
rams could also be associated with the degree of dehydration induced 
mainly by evaporative heat loss which is enhanced in heat exposed 
cow  (Berman, 2003). Also it could be speculated that heat stress was 
associated with catabolism of body tissues as indicated by previous 
studies (Schaefer et al., 2001). The current results indicated that Cr 
supplementation did not influence the BW of rams significantly 
(Table 4, 3). Similarly, previous studies on unshaded lambs fed CrPic 
have shown that Cr did not improve weight gain (Kitchalong et al., 
1995). However, Sano et al. (1995) reported increase in weight in 
lambs given 0.5 ppm chelated Cr. Variations in results could be 
attributed to differences in environmental conditions associated with 
different degrees of stress. Moonsie-Shageer and Mowat (1993) 
suggested that stressed animals are more responsive to supplemental 
Cr. 
In the present study, rams exposed to solar radiation had higher 
rectal temperature (Tr), particularly in the afternoon (Table 4.4 and 
4.5). This response in related an increase in the rate of heat gain from 
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solar radiation which exceeded the rate of heat loss. The diurnal 
increase in Tr is clearly associated with increase in intensity of solar 
radiation and ambient temperature during the day. The circadian 
rhythm of body temperature reflects the adaptation of animals to 
changes in external environmental temperature (Piccione et al., 2002). 
Sevi et al. (2001) reported an increase in Tr in ewes during exposure 
solar radiation, and indicated that increase in thermal load and Tr is 
associated with appetite suppression. The authors indicated that 
feeding in the afternoon could be beneficial to animals in reducing 
their heat production. In unsheltered sheep under summer 
Mediterranean conditions response rate was 56% than in sheltered 
sheep (Silankove, 1987). In the present study, supplemental chromium 
had no effect on rectal temperature response (Table 4.6). Similarly, 
Kegley et al. (1997a) reported that supplemental Cr had no effect on 
the Tr in steers. 
The desert rams had higher respiration rate (RR) when exposed 
to solar radiation (Tables 4.7 and 4.8).  This response is due to direct 
stimulation of peripheral thermoreceptors that transmit nervous 
impulses to the thermoregulation centre in the hypothalamus (Habeeb 
et al., 1992).Turnpenny et al. (2000) indicated that in sheep thermal 
balance is achieved mainly by panting.  The RR increased greatly in 
the afternoon owing to the heat load; it increased more so when the 
sheep were exposed to solar radiation (Itoh et al., 2001).  An increase 
in RR can be expected when sheep are exposed to environmental 
temperatures above the thermalneutral zone (Kamal, 1975).  An 
increase in RR has been reported in ewes exposed to ambient 
temperatures over 30 º C (Sevi et al., 2001). Johnson (1991) reported 
that access to shade reduced RR and core temperature during diurnal 
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peak temperatures. The increase in RR in response to heat stress 
provides for evaporative heat dissipation by the ventilatory system 
(Robertshaw, 1985).   
Exposure to solar radiation was associated with change in blood 
constitnents of desert rams. There was a tendency for decrease in PCV 
on exposure to solar heat (Table 4.13). This is attributed to the 
recognized heat induced increase in water consumption and 
consequently occurrence of hypervolaemic haemodilution. An 
increase in environmental temperature has been shown to cause a 
decrease in PCV in sheep (da Silva et al., 1992; Odongo et al., 
2006).Supplemental Cr had no significant effect on PCV in desert 
rams (Table 4.14).  
Solar radiation exposure decreased significantly Hb 
concentration (Table 4.15). An increase in environmental temperature 
has been shown to cause a decrease in Hb concentration in sheep (da 
Silva et al., 1992). Cr supplementation had no influence on Hb 
concentration in desert rams (Table 4.16).  
The total leukocyte count (TLC) increased on exposure to solar 
heat load (Table 4.17). This increase could be associated with 
modulation in the endocrine responses of the rams to thermal stress. 
Exposure to heat stress stimulates the release of glucocorticids which 
usually increase the leukocytes in blood from lymphoid tissue and 
bone marrow (Swenson, 1993).  An increase in the ratio of neutrophils 
to lymphocytes has been used as an indicator of stress in ruminants 
(Friend et al., 1985). In contrast, increased environmental 
temperatures has been shown to cause a decrease in TLC in sheep (da 
Silva et al., 1992; Gregory, 2005). The supplemental chromium 
decreased significantly the TLC (Table 4.18). Gentry et al. (1999) 
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found that supplemental chromium had no significant effect on TLC 
in lambs. 
Table 4.19. shows an increase in plasma glucose level in rams 
exposed to heat stress. This response is due to increase in 
glycogenolysis under rising ambient temperature (Thompson, 1973, 
Sevi, 2001). The increase in glucose level could be attributed to 
decrease in metabolic activities associated with depressed peripheral 
glucose utilization (Abdalla et al., 1989).  Kataria and Kataria (2006) 
reported an increase in serum glucose level in hot environment in 
sheep. In contrast, heat exposure caused decrease in basal glucose 
concentration in sheep (Itoh et al., 2001).  
 The data indicate that Cr supplementation was associated with 
lower glucose levels in weeks 2 and 3 (Table 4.20). Although 
ruminants are less responsive to insulin (Sasaki, 1990), a decrease in 
glucose level may result from increased glucose uptake by insulin 
sensitive tissues because of stimulated insulin activity by Cr and thus 
elevated glycogen synthesis and reduced gluconeogenesis (Kitchalong 
et al., 1995). Supplementation of Cr led to increased glucose 
oxidation, increase glycogenesis and conversion of glucose to lipids 
increased glucose utilization (Anderson et al., 1997). Evans and 
Bowman (1992) demonstrated increased glucose uptake by skeletal 
muscles incubated with Cr. Amoikon et al. (1995) observed that Cr 
decreases the hepatic storage of glucose and increases glucose 
utilization by other tissues. Samsell and Spears (1989) reported that 
chromium chloride supplementation decreased glucose concentrations 
in lambs. In contrast, supplemental Cr had no significant effect on 
plasma glucose level in calves (Kegley et al., 1997a) and lambs 
(Gentry et al., 1999).  
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 Chromium supplementation decreased the clearance rates (k) 
and increased the plasma half-life (t1/2) of glucose during intravenous 
glucose tolerance test (IVGTT) (Table 4.21). Potentiation of insulin 
action is presumed to be the mechanism that explains the action of Cr 
(DePew et al., 1998; Haldar et al., 2007). Intravenous glucose 
tolerance test conducted after Cr supplementation decreased glucose 
clearance rate in lambs (Gentry et al., 1999). Sano et al. (2000) 
reported lower response to IVGTT in lambs. 
Solar radiation increased significantly serum total lipids in rams 
(Table 4.26). As lipid utilization generates heat, it is unlikely that heat 
exposure will increase fat mobilization. Lipids contribute to the heat 
requirement of cold acclimated animals through enhanced oxidation 
(Trapani, 1960). Adipose tissue is considered as store house from 
which free fatty acids are mobilized for oxidation (Armstrong et al, 
1961). Cr supplementation decreased serum total lipids in rams (Table 
4.27). Cr was reported to increase the net synthesis of fat in the 
adipose tissue and decrease the net release (Pechova and Pavlata, 
2007). Similarly, supplemental Cr reduced blood lipids concentration 
in ruminants (Samsell et al., 1989; Yang et al., 1996). 
In the present study, serum cholesterol level increased during 
heat exposure in rams (Table 4.27). Similarly, Kataria and Kataria 
(2006) reported increase in serum cholesterol level during heat 
exposure in sheep.  However, Alexiev et al. (2005) reported that 
serum cholesterol level was unaffected by exposure to heat in sheep. 
The current results indicate that supplemental Cr decreased serum 
cholesterol level (Table 4.28). Cr reduced serum total cholesterol in 
humans (Press et al., 1990; Lefavi et al., 1993) and in lambs 
(Kitchalong et al., 1995). This response may be attributed to an 
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increase in the net synthesis of fat in adipose tissue and decrease in the 
net release suggesting that Cr may decrease cholesterol synthesis, 
possibly via insulin receptor and the increased glucose flux into the 
adipocyte. Supplemental Cr decreased serum cholesterol level in 
lambs (Gentry et al., 1999). However, Samsell and Spears (1989) 
showed that Cr supplementation did not change serum cholesterol in 
lambs. 
 In the present study, serum total protein concentration was 
lower during exposure to solar radiation (Table 4.22).This could be 
related to an increase in water intake and haemodilation during 
exposure of rams to heat stress. The lower serum total protein could 
also be attributed to low food intake.  Similarly, Kataria and Kataria 
(2006) and Odongo et al. (2006) reported decrease in serum total 
protein in sheep during heat exposure. The current results showed no 
significant change in serum total protein level with Cr 
supplementation (Table 4.23). The potential improvement of amino 
acid uptake by muscle cells was beneficial to the total protein 
deposition incubated with Cr in cattle (Chang and Mowat, 1992; 
Bunting et al., 1994). In lambs supplemented with Cr, there was no 
change in serum total protein concentration (Kitchalong et al., 1995). 
  Table 4.24 shows decrease in serum albumin level during 
exposure of rams to solar radiation. This response could be related to 
the depressive effect of thermostatic signals on voluntary food intake 
in sheep. A decline in food intake usually results in lowering of the 
amount of amino acids available for albumin synthesis in the liver 
(Payne and Payne, 1990).  Similarly, Kataria and Kataria (2006) 
reported decrease in serum albumin level during heat exposure in 
sheep. The increase in serum albumin level on Cr supplementation 
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(Table 4.25) may be attributed to increased amino acid synthesis in 
the liver (Moonsie-Shageer and Mowat, 1993). However, in lambs 
fed Cr, there was no significant change in serum albumin level 
(Uyanik, 2001). 
Exposure of rams to solar radiation decreased significantly 
serum osmolality (Table 4.30). This result could be related to 
haemodilution that occurred as a result of increased water 
consumption by sheep. Similarly, osmolality decreased linearly in 
lambs exposed to heat stress (Odongo et al., 2006). However, loss of 
water from an animal many result in reduction of interstitial and 
plasma volume and induce changes in osmotic pressure (Macfarlane, 
1968). Supplemental Cr was not associated with significant change in 
serum osmolality in the current study (Table 4.31). 
Solar radiation decreased serum Na level (Table 4.32).This 
response could be associated with an increase in water consumption 
during heat exposure and development of haemodilution. Heat stress 
resulted in decreased plasma Na concentration in lambs (Odongo et 
al., 2006). In hot environments, ruminants showed a marked decline in 
plasma Na and K concentrations during the day, returning to normal at 
night (Sowande et al., 2008).  
Solar radiation was associated with significant decreased 
in serum K level in rams (Table 4.34). The response could be 
associated with an increase in water consumption and development of 
haemodilution.  Previous studies reported sharp increase in the 
secretion of K through sweat during hot climatic conditions in cows 
(West, 1999).  Cr supplementation increased significantly serum K 
level in weeks 2 and 3 in rams (Table 4.35). However, Chang and 
Mowat (1992) reported that in ruminants fed Cr, there was no 
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significant effect on K level. Usually Na and K are considered as 
primary cations involved in the maintenance of acid-base chemistry. 
Animals exposed to hot climatic conditions may suffer from  acid –
base disturbances resulting in respiratory alkalosis and subsequent 
renal compensation by increasing urinary excretion of bicarbonate 
and Na, and renal conservation of K (Collier et al., 1981).Electrolytes 
constitute a key element of acid-base chemistry and their 
supplementation during heat stress may be critical to homeostatic 
mechanisms  (West, 1999).   
In the present study, serum insulin level increased significantly 
in weeks 2 and 3 of Cr supplementation (Table 4.36). Insulin half-life 
(t1/2) was decreased, insulin clearance rate (K) was increased (Table 
4.37).  Gentry et al. (1999) reported that insulin half-life (t1/2) was 
greater in lambs.  In the present study, there was decrease in basal 
insulin level in rams exposed to solar radiation. Kamal et al. (1972) 
reported that in ruminants, heat stress induced inhibition of pancreatic 
B-cell activity and consequent reduction of insulin secretion. Heat 
exposure caused a decrease in basal insulin concentration in sheep 
(Itoh et al., 2001). Cr supplementation in the present study increased 
serum insulin level in desert rams. A similar trend was noted by 
Kegley and Spears (1995). Ruminants supplemented with Cr had 
greater serum insulin concentrations and tended to have a more rapid 
glucose clearance rate (Sano et al., 2000).  Striffler et al. (1993) 
reported that dietary Cr enhanced the first phase of insulin secretion in  
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response to a glucose stimulus in the perfused rat pancreas.  In 
contrast, Chang and Mowat (1992) reported that Cr had no significant 
effect on insulin level in calves. Samsell and Spears (1989) reported 
that Cr supplementation did not change plasma insulin level in lambs. 
Sano et al. (2000) reported that there was no significant evidence that 
Cr supplementation moderated heat stress in sheep from the measures 
of blood glucose metabolism and insulin action. Chromium has an 
improving effect on insulin binding and increases the number of 
insulin receptors on the cell surface and sensitivity of pancreatic B-
cells together with an overall increase of insulin-sensitivity (Anderson 
et al., 1997).  
 
4.5 Summary 
1.  Twelve desert rams were used to study the effects of solar radiation 
   and Cr supplementation on mean body weight (BW),thermoregulation 
and blood constituents.  
2.  The mean BW of rams decreased on exposure to solar radiation and it 
was not affected by Cr supplementation. 
3. The rectal temperature (Tr) was significantly higher in rams exposed to 
solar radiation in the afternoon.  
4. The respiration rate (RR) was significantly higher in rams exposed to 
solar radiation throughout the study period.  
5.  Exposure to solar radiation decreased the PCV and increased TLC.  
6. The plasma glucose level was significantly increased on exposure to 
solar radiation; it decreased significantly with Cr supplementation. 
8.  Serum levels of total lipids and cholesterol were significantly higher 
with exposure to radiation; both parameters decreased with Cr 
supplementation. 
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9. Solar radiation decreased significantly serum total protein, serum 
albumin and serum osmolality. 
10. Solar radiation decreased serum levels of Na and K increased 
significantly with Cr supplementation. 
11. Serum insulin level decreased on exposure to solar radiation and it 
increased significantly with Cr supplementation. 
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                                            CHAPTER FIVE 
GENERAL DISCUSSION AND CONCLUTIONS 
Under tropical conditions of arid and semi-arid range lands of 
Sudan, the indigenous sheep breeds may suffer from harsh 
environmental conditions which include thermal stress and shortage of 
food and water. During the dry season, low rainfall associated with 
poor pastures and high level solar radiation and environmental 
temperature may influence the physiological responses and 
productivity of sheep. Under heat stress, growth, reproduction and 
milk production are impaired due to drastic changes in biological 
functions of animals (Silanikove, 1992).   
In this thesis, the effects of deprivation of food and water 
during summer on physiological responses in desert ewes have been 
assessed (Chapter 3). Also the effects of solar radiation and dietary 
supplemental chromium chloride hexahydrate were investigated in 
desert rams (Chapter 4).The studies evaluated the effects of nutritional 
and thermal stress on thermoregulation, body weight and blood 
constituents.  
Water deprivation decreased food intake of sheep (Table 3.2). 
This illustrates the close biological link between the turnover of 
energy and of water (Macfarlane and Howard, 1972; Silanikove, 
1989).   The decline in food intake during periods of water deprivation 
can be viewed as an adaptive measure employed by animals inhabiting 
desert and arid areas for conserving body water. Dehydration causes a 
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decrease in body fluid and increase in its osmolality. Water 
deprivation caused marked increase in plasma osmolality that lead to 
inhibition of ventromedial hypothalamic region of food intake 
(Turner, 1979). The ratio of dry matter intake (DMI) to water intake 
decreased due to water restriction in sheep (Hogan et al., 2007).  
The mean water intake was higher after 3 days of water 
deprivation than food and water deprivation (Table 3.3).The capacity 
of sheep to rehydrate was high following initial water deficit. Sheep 
can restore their body weight losses during water deprivation (El-
nouty et al., 1990; Alamer and Al-hozab, 2003). Water balance is 
controlled primarily by ADH and by the thirst mechanism. ADH 
activates the formation of aquaporin-11, which increases the water 
permeability of the collecting ducts in the kidney and water then 
leaves the renal tubules by osmosis (Nielsen et al., 2002; 2007).  
Water deprivation and food and water deprivation were 
associated with decrease in BW (Table 3.4). BW loss associated with 
water deprivation and food and water deprivation can be attributed to 
reduction in food and water intakes together with loss of total body 
water. Water loss from various body fluids compartments may 
account for most of the losses in body mass associated with water 
deprivation. El-Hadi (1986) noted losses of BW and total body water 
in water deprived sheep. Body weight decreased with water 
restriction, with a further decrease observed with food restriction in 
sheep (Hogan et al., 2007).  
 In the current study, exposure to solar radiation and Cr 
supplementation had no significant effect on BW (Tables 4.2 and 4.3). 
However, studies on Comisana and Sarda lambs indicated that 
exposure to solar radiation increased the loss in weight gain (Nardon 
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et al., 1991).  Behavioural responses of sheep, such as higher feed 
intake at night compared to intake during the day, allow the animals to 
decrease the heat production associated with feed intake when 
exposed to heat during the day (Turnpenny et al., 2000). 
The results reported in the studies indicate that 
thermoregulation was influenced by the experimental treatments. The 
rectal temperature (Tr) was higher in the ewes deprived of both food 
and water than water only (Table 3.5). Water deprivation reduces the 
thermoregulatory evaporation and therefore allows the body 
temperature to be elevated presumably to facilitate water conservation 
mechanism. The rectal temperature increased from morning to 
afternoon in water restricted sheep (Silanikove, 2000). The rams 
exposed to solar radiation increased heat gain and raised the body 
temperature (Tables 4.4 and 4.5). These findings indicate that when 
rams are kept under direct solar radiation during grazing, 
hyperthermia in addition to internal heat production associated with 
feeding, result in increased body temperature. In ruminants, Tr 
increased greatly in the afternoon owing to the heat load; it increased 
more so when the animals were exposed to solar radiation (Brosh et 
al., 1998).  
The respiration rate (RR) was significantly lower with food and 
water deprivation than water deprivation when compared with the 
control (Table 3.6). Food and water deprivation decreased RR during 
both the morning and afternoon. RR decreased during food and water 
restriction in sheep (Hogan, 2007) and in sheep deprived of water 
(Alamer and Al-hozab, 2003). Solar radiation markedly increased RR 
of rams when compared to shaded environment (Tables 4.7 and 4.8). 
Rams exposed to solar radiation enhance the cooling through an 
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increase in RR (Ahmed and Abdelatif, 1992). Sheep loss 
approximately 60% of the total heat loss at high ambient temperature 
(Thompson, 1985). Heat defense mechanisms in sheep are related to 
their water balance and mode of heat stress. Solar radiation stimulates 
sweating in the fully hydrated animal. As the animal becomes 
dehydrated, sweating from the trunk subsides, but it still sweats on the 
head which makes it possible to keep the head region cooler in goat 
(Dmiel, 1986; Olsson, 1996b). As dehydration continues, sweating is 
suppressed and sheep rely more and more on panting (Bhattachary and 
Hussain, 1974). Panting involves no losses of salt and thereby blood 
plasma volume is better preserved. Panting involves cooling of the 
blood passing the nasal area (Robertshaw and Dmi el, 1983).   
The heart rate (HR) was significantly decreased with water and 
food deprivation for 3 days (Table 3.7). The HR reflects primarily the 
homeostasis of circulation along with the general metabolic status 
(Marai et al., 2007). This may increase the blood flow from the body-
core to the surface to enhance heat dissipation.  The HR was reported 
to increase on exposure to high environmental temperature (Aboul-
Naga and Aboul-Ela, 1987). The HR is affected by metabolizable 
energy intake (Young, 1993) and increases with the advance of water 
deprivation, particularly during morning time in sheep (Alamer and 
Al-hozab, 2003).  
The studies showed that some of the blood constituents were 
markedly affected by experimental treatments. The PCV and Hb 
concentration usually reflect the nutritional status and could be 
associated with the state of body hydration and solar radiation. The 
results indicate that water deprivation and food and water deprivation 
were associated with an increase in PCV (Table 3.8). The changes 
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which occurred in the blood constituents in desert sheep were 
modulated mainly by haemoconcentration following dehydration. 
Water deprivation may induce haemoconcentration during water lack 
in sheep (Maltz et al., 1984; Ismail et al., 1996). Exposure of rams to 
solar radiation was associated with significant decrease in PCV 
(Tables 4.13 and 4.14) associated with changes in the water relations 
in response to stimulation of the thermoregulatory centre in the 
hypothalamus and to maintain appropriate osmolatity in body fluids. 
An increase in environmental temperatures has been shown to 
decrease PCV in sheep (Archer, 2005). Supplemental Cr had no 
significant effect on PCV; however, Moonsie-Shageer and Mowat 
(1993) reported that PCV values were higher in calves given 
supplemental Cr. Solar radiation decrease significantly on Hb 
concentration in rams (Table 4.15). High environmental temperatures 
have been shown to cause a decrease in Hb in sheep (da Silva et al., 
1992) presumably associated with decline in food intake and 
hypervolaemia.  
The studies indicate that water and food deprivation had no 
significant effect on TLC (Table 3.10). Swenson (1993) reported that 
generally stress conditions, associated with an increase in the 
concentrations of cortisol, cause an increase in lymphocytes and 
neutrophils in the circulating blood. The TLC decreased during 
exposure of rams to solar radiation (Table 4.17). Decreases in the 
ratios of eosinophils and neutrophils were attributed to their 
sequestration in response to an increase in secretion of glucocorticoids 
(Van Borell et al., 1989). Increased environmental temperature has 
been shown to cause a decrease in TLC in sheep (Archer, 2005). An 
increase in the ratio of neutrophils to lymphocytes has been used as an 
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indicator of stress in ruminants (Friend et al., 1985). Supplemental Cr 
decreased significantly the number of TLC (Table 4.18). Gentry et al. 
(1999) found that supplemental Cr did not affect TLC in lambs. 
The studies indicate that carbohydrate metabolism was affected 
by the experimental treatments. The increase in plasma glucose level 
in response to food and water deprivation (Table 3.11) is attributed to 
increased gluconeogenesis for vital body processes. Phillips et al. 
(1991) reported that fasting for 3 days increased glucose level in 
ruminants. The plasma glucose level increased in rams exposed to 
heat stress (Table 4.19).The plasma glucose level was higher under 
heat stress in adult sheep (da-Silva et al., 1992)  and lambs (Odongo et 
al., 2006). Cr supplementation was associated with decrease in 
glucose level in weeks 2 and 3. Chang and Mowat (1992) reported 
that ruminants fed Cr tended to have lower plasma glucose levels. Cr 
supplementation decreased clearance rates (k) and increased the 
plasma half-life (t1/2) of rams during intravenous glucose tolerance test 
(IVGTT). An IVGTT conducted 3h later that supplemental Cr 
decreased glucose clearance rate in lambs (Gentry et al., 1999).  
Supplemental Cr had no significant effect on glucose tolerance in 
lambs (Forbes et al., 1998). Dietary Cr supplementation has been 
reported to increase glucose clearance rate in ruminants (Bunting et 
al., 2000) and lower glucose response to IVGTT in lambs (Kitchalong 
et al., 1995).The role of Cr in metabolism is believed to be through 
glucose tolerance factor (Schwartz and Mertz, 1959; Hayirli et al., 
2001). Without Cr, the glucose tolerance factor has been shown to be 
ineffective (Toepfer et al., 1976).The trophic effect of Cr is to enhance 
communication between insulin and its receptors located on the cell 
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membrane of insulin sensitive tissues by increasing membrane fluidity 
and rate of insulin internalization (Schachter et al., 2001).     
Serum Na level was increased significantly by food and water 
deprivation (Table 3.12) that was attributed mainly to 
haemoconcentration. In sheep, dehydration induced a considerable 
increase in the daily output of Na in urine (Mckinley et al., 1983). 
Plasma Na and K levels were not affected in water-deprived sheep 
(Igbokwe, 1993). Exposure to solar radiation had no significant effect 
on serum Na level in rams (Table 4.31). Heat stress resulted in 
decreased plasma Na concentration (Odongo et al., 2006). Solar 
radiation did not influence serum K level in rams (Table 4.33). Cr 
supplementation increased significantly serum K level in week 2 and 
3.  
The studies revealed changes in other blood metabolites of 
desert sheep on exposure to various stressful conditions.  The increase 
in serum total lipids during food and water deprivation (Table 3.14) is 
related to haemoconcentration and indicates that fat utilization from 
depots was enhanced (Abdelatif and Ahmed, 1994). The decrease in 
serum total lipids during exposure to solar radiation (Table 4.21) 
could be related to haemodilution. Cr supplementation decreased 
serum total lipids in desert rams (Table 4.22) as Cr increases the net 
synthesis of fat in the adipose tissue and decreases the net release 
(Pechova and Pavlata, 2007). Supplemental Cr reduced blood lipids 
concentration in sheep (Sano et al., 1995).  
The decrease in serum total protein level during heat exposure 
(Table 4.23) is related to haemodilution that occurred as a result of 
increase in water consumption and expansion of blood volume. 
Baumgartner and Parnthaner (1994) reported that serum total protein 
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levels were significantly lower in summer than in winter in Karakul 
sheep. The significant decline in serum protein with rising temperature 
seems to be due to dilution of plasma protein as a result of increase in 
body water content, decrease of protein synthesis as a result of 
depression of anabolic hormone secretion (El-Masry and Habeeb, 
1989) and increase in catabolic hormones such as glucocorticodes and 
catecholamine (Alvarez and Johnson, 1973). Heat causes mobilization 
of total protein from the tissues to the plasma to be catabolised in the 
liver. Serum total protein was lower during heat exposure in sheep 
(Kataria and Kataria, 2006). Supplemental Cr increased the 
concentration of serum total protein (Table 4.24). Chang and Mowat 
(1992) reported that ruminants fed Cr tended to have higher serum 
protein level. Striffler et al. (1995) indicated that Cr enhanced insulin 
incorporation of several amino acids into protein.   
The decrease in serum albumin level in rams exposed to solar 
radiation was clearly related to low food intake in addition to 
increased water consumption which resulted in haemodilution. In 
ruminants, heat stress in cattle causes mobilization of albumin from 
the tissues to the plasma to be catabolised in the liver (Kamal and 
Shebaita, 1972). Kataria and Kataria (2006) reported that serum 
albumin level decreased in hot ambience in sheep. The increase in 
serum albumin level with Cr supplementation (Table 4.26) may be 
attributed to increased amino acid synthesis in the liver, suggesting 
that Cr may improve amino acid synthesis (Samsell and Spears, 1989).  
Cholesterol is a fat-like substance that is found in all body cells. 
Serum cholesterol level increased during exposure of rams to heat 
(Table 4.27) which was attributed to excessive lipid production from 
body reserve during heat stress. Serum cholesterol increased during 
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heat exposure in sheep (Kataria and Kataria, 2006). Supplemental Cr 
decreased serum cholesterol (Table 4.28). Cr increased the net 
synthesis of fat in the adipose tissue and decreased the net release 
(Gentry, 1999). 
Creatinine is an end product of muscle metabolism, and its 
production is rather constant and only slightly affected by nutrition 
factors (Snoswell and Xue, 1987). Serum creatinine level increased 
significantly on exposure to food and water deprivation (Table 3.15). 
This response is related to changes in clearance rate since the 
endogenous creatinine clearance rate was found to be closely 
correlated to glomerular filtration rate in sheep (Nawaz and Shah, 
1984). The accumulation of creatinine in plasma might be a 
consequence of a general reduction in urinary excretion rate during 
water deprivation as reported in sheep (More et al., 1983). Serum 
creatinine increased in Awassi sheep with 5 days of water deprivation 
(Laden et al., 1987). With the progression of water restriction period, 
an increase in serum creatinine level probably helps the animals to 
hold the water in the vascular system (Kataria and Kataria, 2006).  
Serum osmolality was influenced by the nutritional and thermal 
factors imposed in the current study. Food and water deprivation in 
desert sheep resulted in a significant rise in serum osmolality (Table 
3.16).  An increase in plasma osmolality during water deprivation may 
contribute to the maintenance of plasma volume by encouraging water 
movement from the interstitial fluid into the vascular system. The 
observed increases in plasma osmolality could be associated with 
reduced plasma volume in response to water restriction (El-Hadi, 
1986). In addition, water volume was certainly reduced, and this 
presumably accounted for a major part of the total water loss. Use of 
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gut water helps to attenuate the rise in blood plasma osmolality during 
dehydration (Silanikove and Tadmor, 1989). As animals become 
dehydrated, increase in plasma osmolality acts on osmorecepters in 
the hypothalamus to cause thirst and release of vasopressin from the 
pituitary gland (Anderson, 1987; Mengistu, 2007). The significant 
decrease in serum osmolality in desert rams during exposure to solar 
radiation (Table 4.29) could be associated with haemodilution; serum 
osmolality decreased linearly in lambs exposed to heat stress (Odongo 
et al., 2006).  
Cr has an improving effect on insulin binding and increases the 
number of insulin receptors on the cell surface and sensitivity of 
pancreatic B-cells. The results reported indicate that serum insulin 
level increased in week 3 of nutritional of treatments significantly, 
insulin t1/2 was decreased and insulin k was increased. In contrast, 
insulin was not affected by diet; insulin t1/2 was greater in lambs 
(Gentry et al., 1999). In the present study, rams exposed to solar 
radiation had lower serum insulin level. Two mechanisms may be 
involved in this response: decrease in insulin secretion by the pancreas 
and increased uptake by skeletal muscles. Heat exposure caused a 
decrease in serum insulin level in sheep (Itoh et al., 2001). The higher 
serum insulin level with Cr supplementation is probably related to 
enhancement of insulin sensitivity reported in ruminants (Depew et 
al., 1998).   
Glucocorticoids are important in the regulation of all aspects of 
metabolism (Danuta Wronska). Insulin is the primary hormonal 
regulator of metabolism in the resting animal. The release of 
glucocorticoids, in particular cortisol, is the most prominent response 
of an animal to stressful situation (Brockman and Laarveld, 1986). 
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The results indicate that food and water deprivation increased serum 
cortisol level to a higher extent during water deprivation than food and 
water deprivation compared with control (Table 3.17).Water-
deprivation was reported to increase plasma cortisol concentration in 
steers (Parker  et al., 2004).  
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A1.Effects of chromium (CrCl3.6H2O) supplementation on plasma glucose level  
                  in rams.                                   
                                                     
                                                       (n=2; mean ± S.D). 
 
 
Mean values within the same row bearing similar superscripts (small letter) are not 
significant different. 
 
Mean values within the same column bearing different superscripts (capital letter) are 
significant different. 
 
 * p≤0.05, ** p≤0.01, ns Not significant. 
 
 
 
 
Time (minute) 
 
Control 
 
Chromium 
 
F value 
 
P value 
 
-15 E 51.30 ± 1.60a E 41.65 ± 2.10a 
 
1.01ns 
 
0.42 
 
0 ED64.40 ± 3.11a E 55.01 ± 7.07a 
 
2.96ns 
 
0.23 
 
15 A 266.10 ± 7.63a A 196.50 ± 1.34b 
 
5.61* 
 
0.03 
 
45 B161.02 ± 1.41a B 145.10 ±  7.07b 
 
9.85* 
 
0.02 
 
75 CB 144.85 ± 1.62a B 129.15 ± 5.86b 
 
13.29** 
 
0.01 
 
105 CBD 126.01 ± 10.32a C 109.50 ± 4.94a 
 
4.15ns 
 
0.02 
 
135 CED 100.49 ± 1.82a D 90.69 ± 1.30a 
 
0.38ns 
 
0.60 
 
165 CED 87.25 ± 8.55a D 83.30 ± 4.66a 
 
0.33ns 
 
0.62 
 
195 ED 71.40 ± 2.14a E 55.04 ± 7.07b 
 
5.05* 
 
0.04 
 
225 E 58.30 ± 11.73a E 38.50 ± 7.35b 
 
4.89* 
 
0.05 
 
255 E 51.40 ± 6.70a E 50.03 ±  0.70a 
 
0.09ns 
 
0.79 
 
F value 
 
13.13** 
 
17.40** 
  
 
P value 
 
0.01 
 
0.01 
  
 
 
A 2.Effects of chromium (CrCl3.6H2O) supplementation and insulin challenge  
                 test on plasma glucose level(mg/dl) in rams. 
 
                                                          (n=3; mean ± S.D) 
 
 
     
 
Mean values within the same row bearing different superscripts (small letter) are 
significant different.  
 
Mean values within the same column bearing different superscripts (capital) are 
significant different.  
 
**  p≤0.01.  
* p≤0.05.  
ns Not significant 
 
Time(minute) 
 
Control 
 
Chromium 
 
F value 
 
P value 
 
-15 
 
AC63.66 ± 2.02a A55.40 ± 2.25b 
 
22.40** 
 
0.01 
 
0 
 
DC56.80 ± 2.34a AC50.01 ± 0.10b 
 
25.27** 
 
0.01 
 
15 
 
DF49.70 ± 4.15a C41.63 ± 4.15a 
 
5.14ns 
 
0.09 
 
45 
 
F37.46 ± 4.15a F33.33 ± 7.21a 
 
0.74ns 
 
0.44 
 
75 
 
F48.53 ± 10.70a A37.20 ± 6.32a 
 
2.49ns 
 
0.19 
 
105 
 
DF54.03 ± 4.00a DC43.01 ± 9.20a 
 
3.42ns 
 
0.14 
 
135 
 
DC59.46 ± 6.03a AC55.33 ± 9.23a 
 
2.70ns 
 
0.18 
 
165 
 
A65.10 ± 4.79a A51.72 ± 10.99a 
 
2.73ns 
 
0.17 
 
195 
 
A68.02 ± 2.42a A60.10 ± 4.40a 
 
5.95ns 
 
0.07 
 
F value 
 
14.87** 
 
25.46** 
  
 
P value 
 
0.01 
 
0.01 
  
  
 
